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I.  Introduction 

Among  the  diseases  of  rice  plant,  the  damage  due  to 
rice  blast  is  most  severe  and  it  is  important  to  cultivate  the 
kind  of  rice  which  is  resistant  to  rice  blast.  The  cultivation 
of  rice  resistant  to  rice  blast  was  first  conducted  by  combina¬ 
tion  between  the  Japanese  rices.  Thus,  the  Agriculture  and 
Forestry  No.  22,  23  and  many  other  kinds  are  cultivated  and 
soread  to  the  entire  country  (Ito,  1955)*  However,  since  the 
successful  crossing  of  Japanese  rice  with  imported  Chinese  rloe 
bv  Iwaki  (1942 )  whioh  resulted  in  the  cultivation  of  highly 
resistant  Jinzvu  and  Hutaba  rloe,  the  attempts  to  cultivate 
highly  resistant  rice  by  crossing  Japanese  rice  with  foreign 
rice  have  overcome  many  difficulties.  (Kovama  1952,  Hamura, 
Kltamura  195***  Shihara  1955*  Shihara,  Danabe  1959*  Ito  et  al 
1951,  Kltamura  1952).  Recently,  the  phenomena  of  suddenly  losing 
these  resistant  properties  and  becoming  suceptible  to  diseases 
appeared  at  various  places.  In  1952,  the  resistant  properties 
of  the  hvbrid  between  Northern  Chinese  rloe  and  Jinzvn  rice 
decreased  to  the  extent  of  Aichigyoku  rloe  according  to  the 
experiment  at  Alohlken  Agricultural  Experimental  Station.  And 
also  Kanto  No.  51-55  have  similarly  decreased  the  resistant 
properties.  (Shihara  and  Nakanlshl  1959).  Kanto  No.  54  which 
was  cultivated  at  Agricultural  Station  of  Shitalma,  Naganoken 
In  1953  had  many  rloe  blasts. (Chiku  195*)  •  One  of  the  causes 
for  these  is  considered  to  be  the  biological  differentiation  of 
Flrloularla  orvzae.  Since  1955,  a  Joint  research  on  race  of 
Plrlcularla  oryzae  was  conducted  and  an  idiosyncratic  reaotlon 
between  the  type  of  rloe  and  fungus  raoe  was  clarified.  Thus, 
the  method  of  Judging  race  is  established  and  the  anual  rise  and 
fall  of  raoe  distribution  is  clarified  (Goto  et  al  1951), 
However,  the  cause  and  meohanism  of  the  raoe  differentiation 
is  not  widely  Investigated  and  the  adequate  explanations  are 


2 


lacking.  The  authors  attempted  to  analyze  from  the  karyologlcal 
and  genetlcal  standpoint  In  order  to  obtain  basic  views  on 
variation  of  rice  blast  fungus.  The  researches  are  .lust  begln- 
lng  and  many  problems  remain  to  be  solved.  Here,  the  results 
obtained  thus  far  are  reported. 

Authors  wish  to  thank  following  persons  for  making 
experimental  materials  available  during  the  course  of  this 
work.  Dr.  Kazuoh  Goto,  Agriculture,  Forestry  and  Fishery  Tech¬ 
nological  Council,  Agrlcultureand  Forestry  Department.  Dr.  Tatsu 
Yamanaka  Tohoku  University,  Professor  Hashloh  Suzuki  Tokvo 
Agricultural  Engineering  College,  Prof.  Syozo  Suda  Kobe  Univer¬ 
sity  Prof.  Susuml  Sankyo,  Kunba  University,  Dr.  Kooh  Ehan 
Kanazawa  University. 

Also  thanks  are  due  to  following  persons  for  helpful 
discussions.  Dr.  Tvokuchl  Suzuki  and  Dr.  Chvochlro  Huzawa, 
Agricultural  Technical  Research  Laboratory,  Prof.  Chyoku  Ishlmo- 
to,  Tokyo  University.  The  cooperations  of  laboratory  colleagues 
Slgeru  Toya  (Hokuriku  Agriculture  Experimental  Station),  Shlnoh 
Murada,  Shlgehlsa  Kyozawa,  Susuml  Hasaguchl  (Naganoken  Agricultu- 
rul  Experimental  Station)  Hlro  Koyamada,  Myoko  Kltamura  are 
acknowledged. 

II  Past  Research 

In  our  country,  Sasaki  (1922,  1923*  1925)  has  first 
reported  the  biological  differentiation  of  rice  blast  fungus. 

The  causes  of  diseases  are  classified  Into  three  classes  of 
A,  B  and  C  from  the  properties  of  rice  gel  culture  at  Alchlken, 
and  A  and  C  are  similar  whereas  B  Is  remarkabley  strong.  Later, 
Nozu  (1928)  reported  that  another  classification  of  disease  In 
addition  to  the  above  classifications  was  found  at  Shlmaneken. 
Since  1931,  a  systematic  research  has  begun  at  Agriculture  and 
Forestry  Department  to  eliminate  and  prevent  the  rice  blast 
disease.  The  researches  In  this  field  were  also  actively  conduc¬ 
ted  at  Kvoto  and  Hokkaido  Universities  and  the  biological 
differentiation  phenomena  of  rice  blast  disease  were  investi¬ 
gated  from  various  angles. 

For  attempts  on  classification  based  on  culture  proper¬ 
ties,  the  following  researches  were  conducted.  Tochinal  and 
Shlmamura  (1932),  Shimamura  (1932)  have  cultured  3*H  stocks  of 
bacilli  from  infeoted  plants  collected  at  various  areas  of  Japan 
on  four  different  oulture  media  and  classified  into  9  types 
based  on  their  oulture  properties.  Itsumi  et  al  (193*)  oompared 
the  growth  type  In  four  different  oulture  media  using  33  systems 
and  classified  Into  9  groups  from  the  status  of  myoelial  growth 


or  color,  formation  of  condium  and  color  adsorption  on  culture 
media.  Aoki  (1935)  classified  Into  14  tvpes  according  to  ravce- 
llal  formation  In  air  on  1  %  sucrose  added  potato  gel,  conldlum 
formation,  the  color  adsorption  of  mycella  and  mvcellal  growth 
In  synthetic  culture  media  with  different  amount  of  sugar  using 
23  systems.  Ohtsuka  (19*1)  has  bred  rice  blast  fungi  In  12  kinds 
of  culture  media  using  45  svstems  and  observed  the  growth  status, 
the  state  of  mvcella,  adhesion  of  conldlum  and  pigment  produc¬ 
tion.  He  has  made  clear  that  no  relationship  exists  between  the 
difference  In  the  various  culture  characteristics  and  strength 
In  the  causes  of  diseases  same  as  the  previous  researches. 

As  classifications  according  to  culture  temperature, 
Tochlnal  and  Shlmamura  (1932)  and  Shlmamura  (1932)  classified 
5  types  which  grow  better  at  29°C  than  at  25°C  and  4  type  which 
contrasts  above.  Konlshi  (1932,  1933)  showed  that  all  systems 
grow  better  at  23°c  and  classified  Into  3  vrowth  tvpes  at  32°C. 
Sumlmoto  and  Kano  (19*1)  have  cultured  the  flat  ground  fungi  and 
high  ground  fungi  on  2  %  sugar  added  gel  culture  media  for  3 
years  from  1955  to  1953  and  classified  Into  three  groups,  one 
growing  better  at  31 °C  than  14°C,  one  growing  better  at  low  temper¬ 
ature  and  one  Indistinguishable  between  the  two. 

As  the  classification  according  to  the  properties,  the 
following  researches  were  conducted.  Tochlnal  and  Shlmamura 
(1932)  measured  the  length  of  conldlum  on  rice  plant  and  classi¬ 
fied  into  four  systems  of  a  large  spore  forming  type  with  an 
acute  tip  and  a  small  spore  forming  tvpe  with  an  obtuse  head. 
Tomikata  (19*1)  reported  that  the  conversion  Into  single  spore 
from  three  spores  by  NH^  salt  treatment  of  a  durable  spore  is 
different  depending  on  the  system.  Suzuki  (1953)  has  classified 
12  tvpes  of  rice  blast  fungi  according  to  the  prerminatlon  type 
of  conldlum,  adhesion  forming  type,  the  shape  of  adhesion  appa¬ 
ratus  and  the  existence  of  adhesion  apparatus  formation. 

Huchlkawa  et  al  (1954)  confirmed  that  the  temperature  range  for 
the  formation  of  adhesion  apparatus  Is  different  depending  on 
the  system.  The  classifications  according  to  biochemical  pro¬ 
perties  have  been  done  earlier.  Itsuml  et  al  (193*)  and  Ikeya 
(1934)  have  cultured  29  systems  at  24-25°C  for  4-^  weeks  on 
1  %  sugar  added  potato  liquid  culture  media  and  classified  Into 
three  groups  according  to  the  pH  changes  of  filtered  liquid. 

The  relationship  between  poisonous  properties  and  strength  of 
disease  was  not  confirmed.  Ito  (193*,  1939)  and  Itsuml  et  al 
(1941)  cultured  21  systems  on  synthetic  culture  media  made  by 
adding  regenerated  cellulose  precipitate  from  filter  paper  and 
compared  the  separation  by  cellulose.  The  separation  by  cellulose 
was  dear  out  and  three  groups  of  strong,  medium  and  weak  could 
be  classified*  These  separations  are  parallel  to  disease  separa¬ 
tion  and  system  with  a  large  degree  of  separation  had  a  strong 
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Ohtani  (1958  a)  examined  a  few  systems  with  different 
diseases  and  made  the  following  facts  clear.  The  maximum  length 
of  fungi  attained  In  three  weeks  of  culture  on  svsnthetlc  media 
Is  not  much  different  but  the  growth  speed  is  faster  for  fungi 
of  strong  disease.  The  strength  of  breath  Is  stronger  for  strong 
disease  and  the  maximum  values  appear  at  an  early  period  of 
culture.  The  activity  of  amino  acid  oxldvzlng  enzyme  Is  higher 
for  strong  fungi  and  appears  at  an  early  stage  of  culture. 

There  was  no  relationship  between  the  activity  of  enzyme  and 
the  strength  of  disease.  No  difference  exists  between  the  system 
in  producing  poison. 

Emnloying  47  systems,  Ohtsuka  (19*1)  classified  Into 
three  tvpes  according  to  the  demands  of  diamine,  nicotinic 
acid,  biotin,  NaN02 ,  Inurln,  Solvose  and  tryptophan  and  reduc¬ 
tion  of  mltric  acid  as  a  result  of  experiment  performed  on 
culture  and  biochemical  properties,  vitamin  and  amino  acid  for¬ 
mation,  engyrae  activity  and  infrared  abosorptlon  spectrum,  and 
Indicated  that  no  relationship  exists  between  classifications 
according  to  the  biochemical  differences  and  strength  of  diseases, 
Yamagakl  and  Tova  (195*)  and  Yamazaki  (19*1)  Investigated  the 
differences  In  CUSO4  resistant  properties  of  various  rice  blast 
fungi  from  all  over  the  country  and  the  growth  limit  concentra¬ 
tion  by  culturing  on  CuS04  added  potato  gel  culture  media  at 
various  concentrations  and  clarified  the  variations  from  12  m 
mol  to  28  m  mol.  Chiba  et  al  (195s*)  confirmed  that  no  difference 
In  reagent  resistance  between  22  bacilli  stocks  separated  at 
Aomorlken  exists. 

Itsumi  (1931*,  1949)  has  limited  the  biological  differen¬ 
tiation  phenomenon  of  rice  blast  fungi  to  the  parasite  and 
disease  and  classified  the  bloloj  leal  tvpe  based  solely  on  the 
relationship  of  parasite  and  dise  se  bacilli..  When  the  other 
biological  classifications  oolnclaing  with  the  disease  differ¬ 
entiation  were  discovered,  he  proposed  that  It  Is  safe  to  Judge 
on  the  blologloal  tvpe  and  made  an  effort  to  clarify  the  disease 
differentiation.  Itsumi  et  al  (1934,  1941),  abe  (193*)  and  Izvo 
(193*)  have  classified  Into  11  groups  based  on  the  strength  of 
disease  and  Inoculation  experiment  on  sapling  and  neck  of  rioe. 

The  disease  against  sapling  was  weak  and  against  neck  was  strong. 
And  there  was  a  system  whose  properties  are  contrast  with  above. 
Since  1955 •  the  agricultural  experimental  station  of  Hokkaido, 
Kagano,  Alchl,  Klhn  and  Department  of  Pathology,  Agricultural 
Technical  Researoh  Laboratory  have  launched  a  cooperative 
researoh  efforts  and  established  the  method  of  Judging  the  race 
of  rloe  blast  fungi  (Goto  195*,  19*3,  Goto  et  al,  19*1,  Goto 
and  Yamanaka  1956,  Iwata  and  Narlta  195*,  Kurlbayashi  1959, 
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Nakanlshl  and  Imaraura  195*.  Nahanlehl  and  Uzlhara  195*.  Yamanaka 
1957)*  For  example, the  selected  twelve  kinds,  Te-tep,  Tadukan, 
Karasusakl,  Chyokonae,  Notoriben,  Kanto  Mo.  51,  Ishlkarlhakurao, 
Homarehlshlkl,  Ginga,  Norln  No.  22,  Aichlrvoku  and  Norin  No.  20 
are  largely  classified  Into  T  group  nenetratlng  the  foreign  rice, 
C  group  oenetrating  Chinese  rice  excluding  other  foreign  rice 
and  V  group  penetrating  onlv  Japanese  rice,  and  each  group  Is 
further  classified  Into  14  races.  From  the  results  of  differen¬ 
tiating  about  900  bacilli  stocks  In  19*0  and  19*1.  It  was  made 
clear  that  Ishlkarlhakumo  R,  two  races  of  other  Japanese  kind 
N-2  of  S  and  N-l  of  S  are  abundant  In  entire  country.  Its  dis¬ 
tribution  has  a  regional  property  and  C-l,  C-2  were  large 
whereas  T  group  race  was  small.  The  similar  results  are  Indepen¬ 
dently  obtained  bv  Ohya  (1959,  1959)  and  Chiba  et  al  (195q)  at 
the  same  time.  Employing  Plrlcularla  orvzae  from  India,  Ohya 
(195q,  1959)  showed  from  Inoculation  experiment  that  It  Is 
entirely  different  from  Japanese  race.  Further,  the  research 
on  the  race  Is  extended  to  the  race  of  foreign  product.  Takasaka 
et  al  (19*4)  Inoculated  12  bacilli  stocks  to  Japanese  kinds  and 
showed  that  Japanese  type  race  and  Southern  type  race  both  have 
started  to  distribute  In  Formosa.  Also  the  research  on  race  Is 
conducted  In  the  United  States  (Latterell  et  al  1954,  19*0)  and 
Formosa  (Hung  et  al,  19*1). 

Although  It  was  established  that  differentiation  In  the 
properties  of  each  kind  Is  taking  place,  the  causes  for  the 
differentiation  i.e.  the  mechanism  of  variation  were  rarely 
Investigated.  Konlshl  (1933)  reported  the  appearance  of  sector 
when  No.  18  bacllllum  from  single  conldlum  was  cultured  on  1  % 
sugar  added  potato  gel  culture  media  at  35°C.  This  has  the  enti¬ 
rely  different  properties  from  mother  bacilli  and  their  proper¬ 
ties  are  maintained  by  transplantation  of  single  spore.  Shlma- 
mura  (1932)  also  reported  the  appearance  of  sector  when  glngko 
gel  and  synthetic  gel  culture  media  are  used.  Kuribavashi  (1953) 
observed  two  cases  of  variations  In  disease.  One  Is  due  to 
sectoring  and  19  %  of  210  strains  from  Naganoken  produce  brown 
or  grey  sector  In  black  homogeneous  colony  of  disease  were 
different  from  parantal  myoellum.  The  other  case  Is  due  to  mixed 
Inoculation  of  two  strains  of  spore.  Three  groups  among  five  were 
stronger  than  parantal  mycelium  and  two  groups  were  weak.  From 
these  results,  Kuribavashi  thought  that  Plrlcula-  a  oryzae  forms 
a  sector  In  a  single  spore  culture  and  It  Is  the  esult  of 
hybrid,  not  a  sudden  variation  from  freauencv  of  their  apoearan- 
ces.  And  it  Is  considered  the  variation  can  occur  as  a  result 
of  hvbrld  due  to  adhesion  of  mvcella.  Goto  and  Yamanaka  (1959) 
and  Yamanaka  (19*3)  observed  the  sorting  out  of  baollli  strain 
which  Indicates  a  strong  disease  in  Chinese  rice  or  Its  hybrid 
or  highly  resistant  Tadukan  hybrid.  Nakanishl  and  Imamura  (19*0) 
stated  that  there  are  sometimes  diseases  In  oonldlum  formed  by 


single  disease  spot  and  the  different  bacilli  strains  from  the 
narental  strains  might  be  sorted  out.  Goto  and  Yamanaka  (19*0) 
obtained  bacilli  different  from  parental  system  as  a  result 
of  mixed  Inoculation  on  two  receptive  systems  and  Investigation 
of  74  bacilli  from  a  single  sp^re  and  concluded  that  these 
variants  were  formed  by  the  mixture  of  parental  system  and 
combination  of  bacilli  or  a  sudden  variation.  Suzuki  (19*0, 

19*2)  found  following  three  types  as  the  cause  of  baclllle  loss 
bv  culturing.  1)  Snore  and  mvcellum  are  not  formed.  2)  Only 
mvcellum  Is  formed.  3)  Mvoella  and  spore  are  formed  but  the 
adhesion  apparatus  Is  not  formed  and  bacilli  are  lost.  They 
have  discussed  that  these  bacilli  form  wild  t^ne  and  hetero- 
karvon  and  plav  an  Important  role  lri  maintaining  the  race  and 
strength  of  disease.  Shltavama  et  al  (19**0  found  three  kinds, 
sudden  loss  of  bacilli  during  culture,  sortimr  out  from  parti¬ 
cular  bacilli  strain  and  gradual  bacilli  loss  during  culture, 
and  showed  the  type  which  does  not  form  adhesion  apparatus  and 
a  neculiar  shape  with  bad  bud  and  short  and  fat  budding  tube 
having  branches  as  a  result  of  investigating  the  spore  germina¬ 
tion  of  two  previous  bacilli  strains  and  adhesion  apparatus 
formation.  Goto  and  Tamada  (19**0  discussed  on  the  ramble 
variation  of  bacilli  and  conldium  formation  employing  Pirlcula- 
rla  oryzae  of  single  spore  separation  system.  Kosagahara  (1959) 
obtained  the  variant  strains  (maximum  20  %)  having  normal  growth 
and  spore  formation  but  low  germination  rate  and  found  that  lactlo 
acid  contents  are  low  In  spore  and  when  a  small  amount  of  lactlo 
acid  Is  given,  the  germination  rate  Is  recovered  almost  100  %. 

Experiments  on  inducing  the  variation  artificially  are 
very  few.  Yamazaki  and  Tova  (1951 »  1957)  reoorted  that  many 
sectors  appear  and  CuS04  resistant  bacilli  are  obtained  when 
bacilli  are  cultured  in  CUSO4,  potato  a:el  media.  Yamazaki  and 
Tobo  (1953)  obtained  the  biochemical  sudden  variant  concerning 
the  carbon  metabolism  In  similarly  obtained  sector.  Tomlzawa 
(1953*  195*)  obtained  the  adenine  requiring  svstem  by  ultra 
violet  light.  Kurlbavashi  et  al  (1955)  obtained  the  shape  vari¬ 
ant  by  ultra  violet  light,  and  Inoculation  experiment  and  Inve¬ 
stigation  of  various  culture  properties  are  conducted.  Yamazaki 
and  Hurada  (19*3)  and  Yamazaki  et  al  (19*4)  obtained  many  bio¬ 
chemical  and  shape  sudden  variants  and  Investigated  the  changes 
of  bacilli  In  detail.  They  have  also  discussed  the  relationship 
between  nutritional  requirement  and  baoilli. 

Ill  Karvologlcal  Studies  on  the  Living  Environment 
A.  Introduction 

Plrlcularla  oryzae  Is  susoeptible  to  variation  in 
natural  state  and  during  the  oulture.  Also,  the  biologloal  and 
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shape  variations  take  place  easily  in  single-spore  Isolates, 
Condlum  of  rice  blast  fungus  generally  consists  of  three  cells, 
and  each  cell  germinates.  Therefore,  it  is  an  important  problem 
In  pursuing  the  variation  of  the  slngle-srore  Isolates  to  clari¬ 
fy  whether  the  nucleus  In  each  cell  Is  hereditary  or  not.  As  a 
first  step.  It  Is  very  Important  to  studv  not  only  nuclear 
division  In  the  process  of  conldlum  formation  but  also  nuclear 
activity  through  living  environment  In  addition  to  the  clarifi¬ 
cation  on  the  number  of  nuclei  in  each  part. 

Karyologlcal  studies  on  rice  blast  fungus  were  already 
conducted  bv  Yamazakl  (1953*,  1953b)  and  Suzuki  (1953a,  1953b, 
1953c,  1955,  19*3)«  Suzuki  has  asserted  the  following,  Kvcel lum, 
spore,  conldophore,  and  each  cell  of  adhesion  apparatus  contain 
r.anv  nuclei  and  the  phenomenon  of  heterokarvosls  can  be  seen. 

Also  In  the  single  snore  Isolates,  almost  all  of  them  are 
heterokaryon.  In  contrast  to  the  above,  Yamazakl  stated  that  one 
cell  principally  contain  one  nucleus  through  the  living  environ¬ 
ment.  Mizuzawa  (1959)  observed  conldlum  of  rice  blast  fungus 
through  electron  microscope  and  showed  clearly  an  existence  of 
one  nuclei  In  one  cell  through  the  pictures. 

It  Is,  therefore,  necessary  to  make  clear  whether  these 
contradict lhg  results  ire  due  to  the  'difference  In  bacilli 'employed 
In  experiment  or  the  difference  In  nuclei  staining  technique. 
Employing  many  different  systems  and  several  types  nuclei 
staining  method,  we  have  observed  the  nuclear  activity  In 
detail  and  nuclear  division  through  the  living  environment. 

Our  results  are  in  agreement  with  one  cell-one  nucleus  principle 
and  the  details  are  reported  here. 

B.  Materials  and  Method; 

Baol 111 


We  have  emploved  22  single  spore  Isolates  of  wild 
type  (Include  bacilli  other  than  rice  blast  fungi)  which  was 
preserved  bv  raraphin  flow  preservation  method,  9  systems  of 
P-1,  P-2,  P-2b,  Ken  53-33,  Ine  72,  Klta  1,  Ken  5^-20,  Ken  54-04 
and  Ine  1*8  obtained  from  Pathology  Department,  Agricultural 
Technology  Research  Laboratory  and  three  systems  of  No.  5, 

No.  11  and  No.  11*  obtained  from  Prof.  Suzuki  of  Tokyo  Agricul¬ 
tural  Engineering  School.  Total  34  system.  Unless  otherwise 
noted,  P-2  baoilli  which  have  a  good  oonldium  formation  are 
used  in  eaoh  experiment. 

Method  of  oytologioal  observation 

Method  of  making  preparato  (transliteration);  In  order 
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to  make  preparato(transllterat Ion)  for  observing  nuclei  during 
condlum  formation  process  and  In  stationary  state  of  conidlum, 

7-10  days  culture  are  done  on  potato  gel  or  agar  media  at  23°C. 
The  cover  glass  Is  llghtlv  pressed  on  the  colonv  and  taken  off 
after  2-3  minutes.  Then,  spore  and  mvcella  adhere  to  the  cover 
glass.  If  albumin  Is  lightly  pasted  on  cover  glass  and  dried 
under  alcohol  lamp,  the  adhesion  Is  better.  The  appropriate 
materials  for  observing  the  nuclei  activity  at  each  period 
during  conidlum  formation  process  from  conldoohore  are  thus 
obtained. 

In  order  to  make  nreparato  (transliteration)  for  obser¬ 
ving  nuclei  of  germinated  snore  or  mycelium,  the  culture  Is 
caroled  out  at  28°C  bv  floating  the  spore  over  potato  gel  liquid 
or  rice  plant  gel  liquid  on  slide  glass.  At  appropriate  period, 
albumin  pasted  cover  glass  and  a  few  filter  paper  placed  over 
glass  are  llghtlv  pressed.  At  this  time,  it  Is  desirable  to 
have  culture  liquid  spread  on  the  entire  area  of  cover  glass. 

When  these  slide  glass  and  cover  glass  are  Placed  In  fixed 
liquid,  the  spore  and  mvcelium  adhere  to  cover  glass. 

In  making  the  materials  for  adhesion  apparatus,  water  Is  used 
Instead  of  culture  liquid  according  to  the  above  method.  The 
adhesion  apparatus  sticks  well  on  slide  glass  and  can  be  used 
as  preparato  (transliteration)  after  discarding  the  water. 

Nuclear  staining  method;  The  nuclei  were  stained  by  the 
following  several  method  using  cover  glass  (In  case  of  the 
adhesion  apparatus,  slide  glass)  prepared  by  the  above  method. 

HCl-Glemsa  Method;  A  simplified  method  of  Riblnow  (19^4) 
and  Hrushovetz(195/!')  was  employed.  After  three  parts  of  alcohol 
and  one  part  of  glacial  acetic  acid  are  settled  for  10-15  minutes, 
95  %  alcohol  was  passed  through  for  5-10  minutes  and  70  %  alcohol 
for  more  than  30  minutes.  Water  Is  changed  two  to  three  times 
and  washed  for  about  5  minutes.  Then  It  Is  hvdrolyztd  bv  IN  HC1 
(50°C)  for  7-8  minutes.  After  washing  with  water  (5  minutes) 

It  is  stained  with  Glemsa  color  solution  for  30  minutes  to  two 
hours.  Glemsa  color  solution  was  made  by  diluting  the  commercial 
Glemsa  liquid  with  SOrensen  buffer  solution  (pH  A. 9-7.0). 

After  the  staining,  the  excess  dyes  were  removed  by  washing  with 
water  for  1-2  minutes  and  10  %  glycerine  was  rlaoed.  The  oover 
glass  and  slide  glass  overnight  for  a  good  adhesion.  These  can 
be  preserved  for  long  period  of  time. 

Staining  by  baslo  fuchsln 

Although  Peulgen's  nuclear  dyeing  method  gives  good 
results,  DeLamater  (19^8)  method  is  simple  and  gives  better 
results.  This  method  Is  improved  and  dved  for  shorter  time  by 
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the  following  simplified  method.  The  hvdrolvsls  by  IN  HC1  Is  same 
as  HCl-Glemsa  method.  After  treating  with  2  %  formalin  water  for 
2-4  minutes  and  washing  with  water,  the  dvelne:  is  carried  out 
for  15-30  minutes  with  0.5  %  basic  fuchsln  solution.  After  dyeing, 
it  Is  washed  with  water  and  passed  through  alcohol  and  klshroll. 
Then  It  Is  sealed  with  balsam. 

Carmine  acetate  and  Crseln  acetate  dvelng 

After  three  parts  of  pure  alcohol  and  one  part  of 
glacial  acetic  acid  Is  settled  for  1-3  hours,  It  is  washed 
with  95  c-  alcohol  for  5-10  minutes.  It  Is  treated  with  IN  HC1 
(room  temperature)  for  5  minutes  and  then  hvdrolyzed  with 
IN  HC1  for  7-9  minutes  at  *0°C.  After  washing  with  water,  it  Is 
dyed  with  orseln  acetate  or  carmine  acetate.  In  the  case  of 
carmine  acetate,  It  Is  dyed  with  mordant  using  4  %  Iron-alum 
water  after  washing.  Good  results  are  obtained  If  the  dyeing 
solution  Is  heated  to  temperature  below  Its  boiling  point  by 
aloohol  lamp. 

Observation  of  nuclei  In  living  body  (Microscopic 

observation  method  of  phase  difference)  ;  Three  percent 
of  agaragar  or  10  gelatine  culture  media  are  dissolved  and 
cover  glass  (24x24  mm)  Is  dipped  Into  these  and  dried  to  form 
a  thin  agaragar  or  gelatin  film.  Agaragar  or  gelatin  are  remo¬ 
ved  from  one  side  of  the  cover  glass  and  only  the  part  of  edges 
on  the  other  side.  Then,  this  film  Is  lightly  oressed  on  the 
colony  of  rice  blast  fungi  from  a  separate  culture  to  adhere 
spore  or  mvcella.  A  separate  cover  glass  Is  closely  adhered  on 
the  above  film  and  agaragar  film  sandwich  Is  made  with  two 
cover  glasses.  If  the  edges  of  the  surrounding  part  between  two 
cover  glasses  where  there  is  no  agaragar  film  are  sealed  with 
fluid  paraffin,  the  agar  film  Is  prevented  from  drying  and 
convenient  to  observe  longer  period  of  time.  These  cover  glasses 
are  placed  over  slide  glass  with  a  hole  In  the  center  and 
observed  microscopically.  In  microscopic  observation,  Japanese 
optical  apparatus  for  phase  difference  was  emnloyed.  The  obser¬ 
vation  Is  done  In  dark  medium  100  x  and  also  the  piotures  were 
taken. 


C.  Results 

1.  Comparison  of  nuclear  dvelng  method 

According  to  Hoblnow  (1944),  Hrushvetz  (195*), 
Krox-Davles  and  Dickson  (19*0),  Ward  and  Clurvsek  (19*0,  19*1), 
the  good  results  were  obtained  in  nuclear  dyeing  of  bacteria 
and  mould  by  HCl-Glemsa  method.  This  method  also  gives  very 
good  results  in  dyeing  rice  blast  fungi, Orsein  aoetate  and 
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carmine  acetate  are  suitable  for  observation  since  the  dyeing 
ob.lects  appear  to  exnand  their  shapes.  However,  orseln  acetate 
does  not  seem  to  dve  nuclei  In  stationary  state.  Glemsa  method 
Is  very  effective  In  nuclear  dveing,  but  the  particles  other 
than  nuclei  In  the  cell  are  also  dved  by  the  longer  time  of 
dveing.  The  basic  fuchsin  method  gives  also  a  very  good  result. 
Hematoxsvrln  dveing  Is  effective  in  selective  nuclear  dyeing 
of  conldium  In  stationary  states  but  it  often  dyes  particles 
other  than  nuclei  in  micella  or  germinated  snore.  Therefore, 
this  method  Is  not  considered  to  be  a  suitable  method  for  nucl¬ 
ear  dyeing.  Dyeing  bv  Azur  A  has  been  attempted  but  failed  to 
dve  nuclei  of  conldium  and  mycella. 

2.  Number  of  nuclei  In  conldium  and  nuclear  division. 

Conldium  formed  on  rice  plant  or  culture  medium 
consists  of  three  cells  (Figure  plate  1-A,  1)  and  rarely  of  2 
or  4  cells  (Figure  plate  1-A,  2).  Each  cell  contains  one  nucleus 
(Table  1,  Figure  plate  1-A,  1,  2).  Microscopic  observation  of 
living  body  confirms  that  one  cell  contains  onlv  one  nucleus 
(Figure  Plate  1-A,  3).  Plrlcularla  species  penetrating  plants 
other  than  rice  such  as  millet  (s-15^-1),  barn  vard  millet 
(H-80) ,  mloga  (2-13?),  mehlshlba  (G-235)  and  broom-corn  (p-168) 
had  one  nuoleus  In  one  cell.  In  table  1,  there  are  few  cells 
with  two  nuclei  but  the  rate  Is  extremelv  low.  It  Is  noticed 
that  CuS04  resistant  bacilli  Cu-*33  derived  from  P-2  had  10  % 
of  cells  with  2-3  nuclei. 


Table  1. 

Number  of  nuclei  in  conidial  cell 

Number  of  nuclei  in  each  of  conidial  cellt 

Total 

Percentage  of  conidia 
each  cell  of  which 
contain!  one  auckw 

strain  - - - 

l  +  l+I  2+1+1  |+2+l  1+1+2  2+3+2  l+l  +  l+l 

P-2b 

1 

.  t  0 

0 

0 

o 

306 

/.I  »■«  ... 

Ken  33-33 

229 

.  0 

•  .  0 

0 

0 

0  . 

229 

100.0 

Ina  72 

69 

0 

0  ' 

0 

0 

69 

100.0 

Hok«r  1 

232 

0 

1 

V 

O' 

0 

233 

99.6 

Ken  34-20 

322 

i 

Tr 

“■ — 0 

0 

0 

323 

•  99.7 

Ken  34-01 

271 

0 

0 

IV.  0 

0 

0 

271 

100.0 

Ina  168 

226 

0 

0 

1 

0 

o 

227 

99.6 

P-l 

317 

4 

'\ 

0 

0 

0 

98.4. 

P-2 

320 

2 

0 

0 

0 

2 

324 

98.7 

Ou-833* 

321 

21 

s 

1 

1 

3 

334 

90.7 

.  •:  Cu-633  U  OuSOr-miMKit  uni*  derived  from  P-2 

m:  The  numeral!  Indicate  hi  Oth  order  the  number  of  nuclei  contained  ia'apfcaK  eentrak 
Md  taMkvll  of  cooMlOe 
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lihen  the  conldlum  formed  on  rice  nlant  or  culture  medium  Is 
placed  In  water  or  culture  solution,  It  starts  to  germinate 
after  few  hours.  The  base  germination  tube  Is  mainly  formed  In 
front  or  base  nart  of  the  cell  and  raely  In  center  of  cell. 
Nucleus  In  conldlal  cell  Is  directly  migrated  to  germination 
tube  (figure  plate  1-A,  4a,  4b)  for  one  case.  For  the  other 
case,  the  nucleus  in  conldlal  cell  Is  divided  into  two  and  only 
one  nucleus  is  migrated  into  germination  tube  leaving  the 
other  nucleus  In  conldlal  cell  (figure  date  1— A,  5®,  5b). 

The  frequency  of  the  above  occurance  Is  as  shown  In  Table  2, 
and  the  frequency  of  occurance  on  the  latter  Is  larger. 

During  the  migration  of  nucleus  from  conldlum  to  germination 
tube,  the  nucleus  takes  the  elongated  form  (figure  plate  1-A, 
4a, 5a). The  remaining  nucleus  in  conldlum  does  not  divide 

Table  2.  Number  of  audd  in  coaidial  cell  at  one  cell  Mage  of  germ  lube  (P-2) 


Type 

No.  of  conldln 
MkhwI 

Frequency 

(*) 

Remark, 

i 

90 

77 

One  nuclei!!  moved  into 
germ  tube  after  nuclear 
Viviaion 

IS 

23 

One  nudeui  moved  into 
germ  tube  without 
nuclear  dividon  ' 

Total 

63 

100 

Obwrrarlon  wat  nude  3  hour,  after  incubation  la  die  rice  draw  decoction  medium.  ' 


Table  >.  Number  of  audei  ia  coaidial  cell  after  germination  (P-2) 


No.  of  owM  in  each  of  cxmidial  cell 

f  .  -  ...  — .  -■ 

Apical-call  , .  Central  call-  Sami-cell 


"1 


No.  of  conidia  Frequency 
.  <*> 


' >f fl* 

1 »e»  *7*-  0 

r  i  *•  iff  it  1 

i 

,  i  1 

.  8' 

0 

.1 

►  n 

••  2  • 

f  1 

.  0 

2 

> 

1 

5 

.  •  l  •, 

'  "  0 

2 

2 

♦ 

•  0  . 

i  i,t  i  vi»»  t  ■  2 

•  ».  »f 
■  ''ill 
,1  V.f*  . 

3 

..  1 

.  „  - 

i»r 

.If 

".  '  o 
’  'rf"0 

f:  *f>»  •'n.1,1.  • 

1 

2 

» 

63  * 

19.6 

•«»«» 

«l  !•  1  V-  | 

■  •  *  *• 

0 

1 

0 

*  -U*» 

•  tn 

0 

3 

i 

•1  ,  /'•  1  1 

(,.f  •/ il  i  ,|  e.  1 

.1  1 

.  0 

9 

« 

F,  llM  ♦  1  I 

-r.  ...  ;  .  2 

\  !  i 

0 

IB 

2 

»  j r.v  ‘♦•i.1  2 

\ 

0 

1 

-If 

•t*  1 

V"  •*  ■  i 1 

. .  ■■..-••• , 

i  , 

,6l 
'  12 

22.8 

l*'F **  n  *  j 

1  ■  fill!  r  ■  | 

2  ' 

li-l.i 

,  .  .  ».*  n  | 

i  .  <  imo  •  j 

1 

\  81 

'  . 

30.3 

i  )r** 

2 

1 

...»  ;  ■  2 

•  1  ‘ 

1 

-  2 

•  3 
43 

‘ 

16.1 

,  , 

■  2 

. .  2 

1  ,  ~ 

2 

e  1 

.  2 

2 

2 

2 

| 

•  .  .  3 

1  ' 

4 

e  • 

1 

3 

- 

2 

3 

r*e.f. 

.  •  1 

*'*  •  % 

*  a 

f  •  •  2 

% 

9 

*  2 

i  . 

1 

* 
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Obaeruadcn  mt  mad*  M  bean  after  Incubation  in  the  rice  nrew  decoction 
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further  but  in  some  cases,  divide  1-3  times  into  2-8  nuclei 
(figure  nlate  1-A,  *,7).  In  case  of  two  germination  tubes  from 
one  cell,  one  of  the  divided  nuclei  first  goes  into  germination 
tube  and  the  other  nucleus  remain  in  conidlum  or  goes  into  the 
other  germination  tube.  Also  the  remaining  nucleus  in  conidlum 
can  be  further  divided  and  one  nucleus  migrates  into  germination 
tube.  In  case  of  forming  3  germination  tubes  from  one  cell, 
the  nrooess  is  the  same  as  above.  Table  3  shows  an  example  of 
nuclei  distribution  in  germination  snore  after  24  hours  of 
culture.  The  direct  migration  of  nucleus  in  conidlal  cell  with 
nuclear  division  was  53  among  2*7  and  amounts  to  20  $.  This 
result  is  almost  similar  to  the  result  of  table  2.  The  number 
of  nuclei  in  front,  center  and  base  part  of  the  cell  is  1*2*1 
(30.3  %)  which  is  the  most  abundant  and  next  1*1*1(22. 8  %) ,  • 
l*2*2(l*.l  %) .  In  case  of  1*2*1,  each  cell  is  divided  once 
and  front  and  base  part  of  the  cell  is  germinated  with  a  nucleus 
migration. 

Tabic  4.  ReUtkamhip  between  termination  of  conidia  and  their  nuclear 
diviaion  (P-2) 

,  '  '  •"jL%Fr"izr~  *-•* 

— .a— ————————————  v 

..  ...  Nucleus  moves  into  germ  tube  wilts- 

)>  ...  33  >'(  ••  ••  ,,‘w  •  ■  out  division. 

B  ^  C ]  T>  327  67.6 

.  -J  !-«•  • »  *  •  i  • 

1  *■'  ■  ■  «•« 


One  nucleus  moves  into  germ  tube 
after  one  nuclear  division. 

Two  nuclei  move  into  germ  tubes 
after  one  nuclear  division. 
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In  case  of  1*1*1,  the  front  and  base  part  of  cell  Is  divided 
once  and  a  nucleus  Is  migrated  Into  germination  tube.  The 
center  cell  Is  considered  not  to  produce  termination  tube  nor 
nuclear  division.  When  the  relationships  of  nuclear  division 
and  germination  concerning  the  cell  produced  germination  cell 
are  considered  from  the  data  of  table  3,  they  are  as  shown  In 
table  4.  When  one  germination  tube  Is  produced,  the  nucleus 
migrates  into  germination  tube  without  nuclear  division  (type  A). 
The  nucleus  divides  once  Into  two  and  one  nucleus  migrates  Into 
germination  tube  leaving  the  other  one  In  conidlal  cell. (type  B) . 
The  nucleus  remaining  in  conidlal  cell  Is  divided  Into  two 
(type  D).  The  nucleus  remaining  in  conidlal  cell  Is  divided 
Into  t^ree  and  one  of  the  four  nuclei  formed  by  two  divisions 
and  a  germination  migrates  into  a  germination  tube  and  the 
remaining  three  are  In  conidlal  cell  (tvoe  G).  When  germination 
tubes  are  more  than  two,  the  nuclei  become  2-4  by  1-2  divisions 
and  each  nucleus  migrates  into  germination  tube  without  remain¬ 
ing  In  conidlal  cell,  (tvpe  C,F)  or  102  nuclei  remain  In 
conidlal  cell  (type  E,H,I).  From  the  above  observation.  It  is 
clear  that  nuclei  in  conidlal  cell  do  not  distribute  but  one 
nucleus  divides  1-3  times  and  only  one  nucleus  among  them 
migrates  Into  the  germination  tube. 

3.  Number  of  nuclei  and  nuclear  division  In  mycelium 
and  conldophore. 

Although  the  nuclei  in,  mycella  show  various  shapes, 
one  cell  generally  contains  one  nucleus  (figure  plate  1-B,S,9). 
There  are  cases  of  two  nuolel  In  one  cell  rarely  but  these  are 
considered  to  ocour  right  after  division.  The  results  of  Inves¬ 
tigating  the  number  of  nuclei  In  mvcellal  cell  are  shown  In 
table  5»  Most  of  the  cells  contains  one  nucleus  but  some  contain 
2-6  nuclei.  The  proportion  of  cells  containing  more  than  two 
nuclei  is  different  depending  on  the  system  and  1.1  #-l*.8  % 
variations  are  shown.  However,  the  average  number  of  nuclei 
per  cell  Is  1.01-1.20,  thus  confirming  the  one  cell-one.  nucleus 
nrlnclole.  Saka-1,  Saka-2  and  Saka-3  which  have  relatively 
hlvh  ratio  of  multlnuclel  cell  are  peculiar  systems  with 
tendency  of  producing  sectors  and  variations  In  potato  agar 
culture.  Plrlcularla  species  Isolated  from  plants  other  than 
rice  have  one  nuclei  In  one  cell  as  shown  In  table  5*  Suzuki 
(19*3)  reported  on  three  systems  of  No.  5,  No.  11  and  No.  116 
indicating  that  the  number  of  nuclei  In  a  mvcerlal  cell  is  4 
In  No.  5  with  distribution  of  1-11,  Similarly  No.  11  Is  5  (1-10) 
and  No.  11*  5(1-13).  As  shown  In  table  5,  we  have  observed 
only  one  nucleus  in  one  cell  and  2  or  3  nuclei  In  a  oell  were 
very  rare. 

In  myoellum  of  oonldoohore,  one  oell  contains  one  nuolel 
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(figure  plate  1-B,  10).  In  case  of  conidium  formation,  the 
nucleus  formed  by  division  at  front  cell  of  conidophore 
migrates  into  newly  formed  conidium. 

4.  Nuclear  division  during  the  process  of  conidium 
formation. 

When  the  tip  of  conidonhore  begins  to  swell,  one 
nucleus  migrates  into  it.  '■'onldium  is  initially  spherical  in 
shaoe  (figure  plate  1-B,  11)  but  changes  to  fusiform  gradually, 
(figure  plate  i-B,  12a,  12b).  As  is  clear  from  the  diagram, 
one  cell  of  conidium  contains  one  nucleus,  but  by  nuclear 
division,  it  becomes  two  (figure  plate  1-B,  13a).  When  the 
nuclei  migrate  to  both  end  (figure  plate  1-B,  1 3t» ) ,  a  membrane 
is  formed  at  the  middle  and  separation  into  two  cells  takes 
place,  (figure  plate  1-B,  14).  One  of  these  nuclei  is  again 
divided  (figure  plate  1-C,  15)  and  third  conidlal  cell  with  one 
nucleus  is  formed.  From  the  above  observation,  the  nuclei  in 
three  cells  were  originated  from  a  single  nucleus  and  consider¬ 
ed  genetically  the  same.  During  transformation  of  two  cells 
into  three  cells,  it  is  not  often  observed  which  nuclei  are 
easier  to  be  divided,  but  apical  cells  divide  in  many  cases. 
There  are  cases  where  both  nuclei  divide,  but  these  are  consi¬ 
dered  to  be  spore  (figure  plate  1-A,  2)  having  4  oells. 
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5.  Nuclei  In  appressorla 

Number  of  nuclei  in  appressorla  formed  on  slide  glass 
was  observed  at  24  and  45  hours  after  Incubation.  As  shown  in 
table  7,  the  cell  having  one  nucleus  is  the  largest  and  few 
cells  having  two  nucleus  appear:  after  24  hours  of  incubation. 
After  45  hours  of  incubation,  cells  having  maximum  4  nuclei 
anneared.  Since  the  mvcerlal  formation  on  slide  glass  can  not 
be  done,  nuclear  division  Is  continued  in  appressorla  and  the 
number  of  nuclei  are  increased  with  the  time.  The  number  of 
nuclei  in  appressorla  formed  on  rice  plant  is  not  clear  but  in 
case  of  mvcerlal  formation,  one  nucleus  among  two  nuclei  formed 
by  the  division  in  appressorla  is  considered  to  be  migrated. 

Mode  of  nuclear  division  • 

The  mode  of  nuclear  division  seems  to  be  different  in 
conidium  and  mycelium.  In  condium,  germination  starts  after  few 
hours  in  water  or  culture  solution,  but  the  nuclear  division 
starts  after  the  germination  in  one  case  and  before  commencement 
of  germination  in  the  other  case.  The  conldial  nucleus  in 
stationary  state  is  considered  to  be  dveable  clot  but  the  comm¬ 
encement  of  nuclear  division  loosens  the  clot  and  forms  the 
different  size  of  dved  ob.lect  (figure  date  L-C,  17,18). 

The  dvelng  ob.lect  forms  a  typical  equatorial  Plate  in  the 
middle  period  (figure  plate  1-C,  19)  and  through  the  latter 
period  (figure  plate  1-C,  20,  21),  it  goes  into  the  final  period 
(figure  plate  1-C,  22,  23).  The  number  of  dveine  objects  are 
easier  to  observe  at  the  beginning  of  latter  period,  and  three 
are  observed  In  one  case  and  5-4  are  observed  in  another,  (figure 
plate  I-D,  24,  25).  This  mav  be  due  to  the  difference  between 
single  nucleus  and  double  nuclei.  At  any  rate,  the  number  of 
stained  object  should  be  further  investigated. 

The  nuclear  division  of  mycelial  cell  (specially  signifi¬ 
cant  in  atmospheric  mvcelia)  is  different  from  conidium  and  a 
typical  fibrillar  division  was  not  observed.  Initially,  the  dye 
clot  in  stationary  state  melts  and  forms  in  belt  or  spherical 
types  (figure  plate  I-D,  2*).  These  are  vertically  divided  from 
one  end  to  the  other  end  (figure  plate  I-D,  27,  28).  At  this 
time,  the  division  is  always  perpendicular  to  the  direction 
of  mycelial  growth.  The  dyed  objects  connected  to  belt  or 
spherical  shape  form  two  vertical  rows  and  one  row  migrates  into 
the  direction  of  mvcelial  growth,  (figure  Plate  I-D,  29,30*31). 
Thus  the  nucleus  divides  into  two. 

It  is  considered  from  the  above  observations  that  the 
nuclear  division  of  conidium  is  fibrillar  division  similar  to 
high  organisms.  The  nuolear  division  of  mycelium  is  considerably 
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different  from  these.  Thus,  the  detailed  future  Investigation 
would  provide  many  Informations  on  the  subject. 

Table  7.  Number  of  nuclei  In  apprraorin’ 
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Observation  was  made  34  and'  45  hours 
after  incubation  in  Ike  rice  straw  decoction 
medium. 

d:  Dividing  nucleus 

D.  Discussion 

Pirlcularla  species  are  very  susceptible  to  variations. 
In  order  to  understand  the  mechanism  of  variations.  It  Is  impor¬ 
tant  to  know  the  nuclear  activity  through  the  living  environment. 
In  bacilli,  there  are  generally  single  spore  Isolates  and 
single  cell  Isolates  (by  the  division  of  mvcellal  cell).  Many 
types  in  addition  to  the  above  were  used  In  experiments.  For 
the  case  of  a  single  spore  Isolates,  It  Is  not  certain  whether 
they  can  be  considered  to  be  genetically  pure.  A  single  nucleus 
In  a  single  cell  oan  be  considered  as  genticallv  pure  but  for 
multicellular  conldium,  the  single  spore  Isolates  can  not  be 
used  as  the  genet  leal  research  materials  unless  the  nucleus  in 
each  cell  has  been  established  as  genetically  pure.  There  are 
many  conidla  and  mvcellal  cells  containing  multlnuclel.  If  these 
were  mixtures  of  genetically  different  species,  the  variations 
can  occur  easily  In  the  single  snore  Isolates. 

Nuclear  activity  during  the  process  of  conldium  formation 
Is  Investigated  from  these  view  points.  The  aolcal  conldoohore 
Is  expanded  and  oonidlum  formation  begins  to  take  olaoe.  One 
nucleus  Is  migrated  first  and  divided  Into  two  nuolel.  Two 
oonldlal  cells  are  thus  formed  by  the  membrane  separation 
between  the  two.  One  of  these  nuclei  Is  again  divided  Into  two 
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and  the  third  conldlal  cell  v.'ith  a  single  nucleus  Is  formed. 
Therefore,  three  nuclei  In  these  con  Id  la  were  originated  from 
the  same  nucleus  and  considered  genetically  the  same.  These 
can  be  considered  the  genetically  pure  slnvle  snore  Isolates. 

From  these  view  points,  the  rice  disease  (Goto,  1954)  which 
contains  multlnuclear  mycelial  cells,  multicellular  conidlum, 
and  multinuclei  Is  an  entirely  different  kind  of  single  spore 
Isolates. 

Suzuki (1953a ,  b,  c,  1 9^ 3 )  and  Suzuki  et  al  (1955) 
reported  multlnuclear  cell  In  conidlum,  termination  tube,  appre- 
ssorla,  mycelulm  and  conldonhore .  They  have  made  karvologlcal 
studies  and  analysis  of  appressorla  and  reported  that  heteroka- 
rvosis  plays  an  important  role  as  the  causes  of  variations. 

These  results  do  not  agree  with  those  of  Yamamakl  (1953s*  b). 
Mizuzawa  (1959)  and  ours.  In  order  to  explain  these  discrepancies, 
we  have  Investigated  the  number  of  nuclei  in  mycelial  cell  which 
was  reported  as  hetero  type  by  Suzuki  and  obtained  the  result 
of  one  nucleus  in  one  cell  similar  to  other  systems.  These 
results  are  shown  In  table  5*  Therefore,  these  discrepancies 
seemed  to  be  the  technique  Involved  In  nuclear  dvelng  bv  Suzuki 
and  not  due  to  the  difference  In  the  systems  employed  In  experi¬ 
ments.  As  will  be  separately  discussed  In  detail,  the  multlnucl¬ 
ear  cells  such  as  Saka-1,  Saka-2  and  Saka-3  of  table  5  have  the 
maximum  rate  of  17  %  and  there  Is  no  change  In  the  principle  of 
one  nucleus  in  one  cell.  Suzuki  (19*3)  argued  against  the 
researches  of  Yamazaki  and  Shinkan  (1954,  1959  and  19*0)  and 
asserted  that  'If  each  cell  contains  single  nucleus,  the  single 
spore  isolates  must  be  homokaryon,  and  the  variation  of  biolo¬ 
gical  characteristics  would  not  occur  except  the  confusion  of 
sexual  process".  Even  though  variation  due  to  confusion  through 
parasexual  generation  Is  not  considered,  the  phenomenon  of  sudden 
variation  and  parasexual. recombination  was  observed  as  will  be 
described  later.  This  Is  another  support  against  Suzuki' s 
assertion. 

Olive  (1953)  conducted  a  thorough  literature  search  and 
concluded  that  the  nuclear  division  In  cell  Is  via  fibrillar 
division.  El-Anl  (195*)*  Knox-Davl^s  and  Dickson  (19*0),  Somers 
et  al  (19*0)  and  Ward  and  Ciurvsek  (19*1)  indicated  a  typical 
fibrillar  division  In  bacilli.  Robinow  (195*.  1957a, b)  and 
Bakersnlgel  (195^,  1959a, b,c,  19*0a,b,  19*1)  asserted  a  separate 
nuclear  division  In  mycelial  cell.  Our  opinion  on  these  Is  that 
fibrillar  division  is  carried  out  for  conidlum  and  separate 
mode  of  division  is  carried  out  for  mycelial  cell. 

Yamazaki  (1953a) 

reported  on  the  number  of  dyeing  objeots  temporarily  as  3(2-4). 
Suzuki  (19*3)  reported  that  the  number  of  dyed  objects  in 
homokaryon  is  3  or  4  and  In  heterokaryon  Is  2,3*4  and  5  and 
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varies  depending  on  the  bacilli.  It  Is  very  difficult  to  deter¬ 
mine  the  number  of  dved  ob.lects  in  mycelial  division  but 
Shlnkan  observed  sir  In  P-2  species.  Sometimes  5  nuclei  are 
observed  and  this  subject  should  be  further  studied.  Also  the 
existence  of  single  and  double  nuclei  can  not  he  Ignored. 

IV  Appearance  of  Variants  on  Culture  Medium 
/.  Introduction 

The  nuclei  in  three  cells  of  single  snore  Isolates 
are  considered  to  be  genetically  the  same  according  to  karyolo- 
glcal  studies  through  the  living  environment  of  bacilli.  Even 
when  the  single  spore  Isolates  are  cultured,  the  variation 
aonears  as  the  sectors  and  the  variants  contain  entirely  differ 
ent  bacilli  from  Darental  bacilli,  (Konlsh  IC33,  Kurlbavashl 
1953.  Shitayama  et  al  19^).  We  have  clarified  the  status  of 
variants  appearance  In  potato  gel  culture  media,  employing 
many  single  spore  isolates  systems,  and  Investigated  the 
relationship  between  the  appearance  of  variation  and  the 
number  of  nuclei. 

B.  Materials  and  methods 

295  systems  of  single  spore  Isolates  from  the  various 
experimental  stations  In  Japan  between  1951-1953  are  examined 
according  to  Kurozawa  method  (1955)*  Among  these,  4l  systems  of 
mloga  13  systems,  Hie  1  system,  Klbl  1  system,  Awa  7  system 
and  llehlshlba  19  systems  are  the  bacilli  of  plants  other  than 
rice. 


The  potato  gel  culture  medium  Is  placed  In  the  container 
of  diameter  ^.5  cm  and  one  bacilli  clot  from  the  single  spore 
Isolates  are  Inoculated  and  Incubated  at  2c'°C  in  the  dark. 

Five  containers  for  one  system  are  tested. 

When  sectors  or  Island  shape  variants  are  appeared,  an 
Isolated  culture  Is  carried  out  on  the  Inclined  plane  of 
potato  gel  medium  and  their  characteristics  are  examined  by 
three  consecutive  cultures  in  the  same  culture  medium.  These 
are  classified  Into  definite  and  temporary  variants,  and 
variants  presenring  the  characteristics  were  treated  as  sectors 
Also,  the  sectors  which  appeared  In  the  process  of  three  con¬ 
secutive  cultures  were  similarly  cultured  separately.  The 
karyologlcal  studies  are  conducted  in  the  same  manner  as 
previous  experiments. 

C.  Results 
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1.  Appearance  of  variants  on  notato  r.F-l  culture  medium 
and  their  characteristics. 

295  svstems  of  single  snore  Isolates  were  investiga¬ 
ted  and  the  results  on  the  freouency  of  sector  annearance  are 
shown  in  table  °.  245  svstems  srriOna:  them  (°3*0  %)  did  not 
produce  sectors  and  formed  ■  nlv  homogeneous  colonies.  Average 
3f  4  sectors  for  one  container  were  the  maximum.  Saka-2,  Saka- 
4,  Saka-5,  Saka-^  and  Saka-7  were  isolated  from  the  same  village 
(Hukushlmaken  Itatsukun)  and  considered  to  have  a  close  rela¬ 
tionship.  The  sectors  appeared  during  the  investigation  as  shown 
in  table  8  were  transplanted  and  their  chact<-ristics  were 
examined*  in  addition  to  the  appearance  of  sectors.  The  results 
are  shown  In  table  9*  In  most  cases,  the  sectors  do  not  appear 
after  two  times  but  in  few  cases,  the  sectors  kept  appearing 
even  after  two  or  three  times  transplantations. 
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Table  9.  Appearance  of  tecuu 

in  the  courte 
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1) :  No.  of  sectors  per  5  plates. 

2) :  No.  of  sectors  appeared  on  slant  cultures  isolated  from  sectors  formed 

on  the  first  plate  culture. 


Figure  1  shows  the  process  of  consecutive  culture  of  Saka-2 
which  shows  the  best  sector  appearance,  and  the  culture  proper¬ 
ties  are  also  noted.  In  some  system, 9  consecutive  cultures  still 
produced  sectors  and  the  variation  of  this  system  was  very  large. 
The  variation  of  colony  color  was  black,  bro\m,  yellow  and  grey. 

2.  Variation  In  the  number  of  nuclei  of  the  svstem 

As  shown  In  table  1  and  9.  Saka  otouds  such  as  Saka-2 
showed  many  sectors  and  were  very  susceptible  to  variation. 

The  ratio  of  multlnuclel  mycelial  cells  was  low  compared  with 
other  svstems.  Since  some  relationship  mav  exist  between  these, 
number  of  nuclei  In  mvcellal  cells  were  examined  on  seventh 
culture  of  Saka-2,  Saka-5  and  5^.  The  results  are  shown  In  table 
10.  No  significant  difference  Is  observed  between  5^  and  system 
with  2.4  %  multinuclei  cell  and  sector  appearance.  Saka-2  and 
Saka-5  were  clearly  different  from  the  original  svstem.  Particu¬ 
larly  in  Saka-2,  the  ratio  of  multlnuclel  cells  varied  from  1.3  % 
to  23.9  %,  whereas  the  original  system  had  11.2#.  Employing 
Saka-2,  a  similar  investigations  are  conducted  on  1  th  and  9th 
culture  and  the  results  on  the  stability  of  their  characteristics 
are  shown  In  table  11  and  Figure  1.  There  were  species  stabilized 
at  high  ratio  of  multlnuclel  cells  (Saka-2-3qJ  Saka-2-Z,  Saka-2- 
57,  Saka-2-3M  and  stabilized  at  low  ratio  of  multinuolear  cells 
(Saka-2- 60,  Saka-2- 37,  Saka- 2- 86)  and  unstable  speoles. 
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Table  10.  Variation  in  the  number  of  nuclei  in  mycelial  cell*  of  variant! 
appeared  a!  lectors  from  Salta-2,  Saka-3  and  56. 
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3  '■ 

J 

J 

376 

44 

.11.7  : 

1.13 

-4 

501 

47 

3  •' 

'3 

556 

55 

9.9  • 

M2 

-Z 

485 

53 

3  , 

512 

57 

10.5 

1.  II 

-36 

495 

52 

4  , 

551 

56 

10.1  , 

1.11 

-1-7 

477 

49 

4 

530 

53 

in.o 

\  1.  II 

-4-1  . 

477 

48 

3 

1 

.  . 

529 

52  . 

9.8 

1.  II 

-37  •; 

530 

28 

•' 

<  l 

558 

28 

5,0 

1.05 

-60  ‘ 

500 

25 

1 

526 

26 

4.9 

1.05  , 

-78 

552 

27 

579 

27 

4.6 

1.05  / 

-86  > 

500 

-  19 

,1 

521 

21 

4.0  , 

1.05, 

-25  *1 

339. 

14 

. 

353 

,  M 

3.9 

1.04 

-59  1 

507  \  17 

524 

17 

3.2 

1.03 

-40  ■ r 

502 

16 

*' 

518 

16 

3.0 

1.03 

-52 

377 

8 

t 

385 

8 

2.0 

1.02 

-41  , 

522 

.  10 

| 

532 

10 

1.8 

1.02 

-66  ( 

\  317 

7 

526 

7 

1.3 

1.01 

Saki-5 

527 

;  14 

_  tl 

<  I 

341 

14 

2.5 

1.05 

•1 

503 

''u 

3 

■  i 

•  • 

571 

68 

11.9 

1.24 

-3 

312 

54 

6 

3 

1 

i 

377 

65 

11.2 

1.23 

-17 

503 

46 

,  2 

l  . 

551 

48 

8.7 

1.18 

-22 

505 

43 

2  " 

•  1 

;  * 

551 

46 

8.3 

1.17 

-II 

505 

29 

\ 

534 

29 

.3.4 

1.  II 

-2 

524 

21 

1  ' 

4  1 

347 

23 

4.2 

1.08 

-10 

500 

18 

,* 

%,I 

319 

19 

3.6 

1.07 

-1-2 

321 

II 

532 

II 

2.0 

1.04 

•O 

334 

10 

344 

10 

1.8 

1.04 

as 

-m  * 

320 

•3  , 

333 

13 

2.4 

1.02 

-10 

318 

20 

538 

20 

3.7 

1.07  . 

-0  t 

534 

19 

553 

19 

3.5 

1.06  V 

-19 

319 

17 

536 

17 

3.1 

1.06 

-14 

319 

17 

336 

17 

3.1  ’ 

1.06 

-13 

351 

16 

567 

16 

2.8 

1.06 

•S 

308 

13  • 

321 

13 

2.4 

1.04 

-9 

497 

10 

507 

io 

1.9 

1.04 

311 

•  1 

520 

9 

1.7 

1.01 

Obarrvatian  woo  tade  after  teven  subculture!  on  potato  lucrooe  agar  medium. 


Number  of  nuclei  in  mycelial  cell  >1  7th— 9th  lubeulture  of 
variant!  isolated  from  lectors  of  Saka-2 


No.  of  nuclei  in 
mycelial  cell 


No.  of  No.  of  cell!  %  of  cells  Average  Significance 
cells  containing  containing  number  . 


— -  - — —  cr'  '  more  than  more  than  of  nuclei 

I  7  1  4  5  6  observed  two  nuclei  two  nuclei  per  cell  difference 


-38  7  463  59  3  3 

8  SOI  56  2  2 

•  '  9  506  S3  3  I 

-72  7  441  91  4  2  I 

,  8  •  335  54 

9  525  81  4  I 

-39  7  ■  307  17  ~ 

x  9  553  58  5  I 

-73  7  "426  99  7*1  I 

8  513  35  5  2 

9  496  47  I  1 

-X’  7  40M03  9  10  1 

8  500  64 

9  •  478  77  I 

-60  7  500  25  I 

°  520  27  1 

-31  7  501  64  6  I 

8  "  516  61  6  I 

•  |  9  530  31  I  1 

-V  7  450  65  7  . 

8  ,168  21 

9  437  86  7  2  I 

-40  7  >'  502  16 

9  324  39  3 

,  5T/  7  522  10 

v  9  -  374  34  2 

*•  -Z  7  485  53  3  l 

—  ■  \  8  479  50  5  2 

\  9  509  55  3  1, 

*37  ’  7  469  63  2  1 

'  •  8  494  79  4 

9  510  63  8 

-36  7  495  52  4 

8  509  48  6  1 

9  517  55  2  2 

♦37  7  530  28 

•  9  513  31  2 

-70  7  332"  39  5 

8  461  109  13  7 

9  524  122  9  4  4 

-36  7  409  106  12  "lO 

8  502  100  10  7 

9  432  126  IS  2 

•!  -88  7  300  19  I  I 

9  513  24 

•  -17  9  331  69  5  3 

*  -4-1  7  477  48  3  I  m 

9  311  64 


<>•  a:  3  H  level  of  significance 
mi  I  %  level  of  significance 
■  ansi  a  I*  level  ef  Sjpdfkanc* 


\  I.  14  ; 

1.13 

_ 1.06  .. 

n  ist 

i." 

— '-2IL 

1.03 

1.07 


)~h 


-  - 


Table  12.  Relation  ihip  between  cultural  conditioni  and  number  of 
nuclei  in  mycelial  cell 


.Strain 

Media* 

No.  of  nuclei  in 
mycelial  ceil 

■  —  ...  A 

12  14  5 

No.  of 

cellt 

obaerved 

No.  of  cellt 
containing 
more  than 
two  nuclei 

%  of  celli  Average 
containing  number 
more  than  of  nuclei 
two  nuclei  per  cell 

&(ni  fount 
of 

difference 

'  SaU-2-39  . 

PAM 

SOS  28 

1. 

.534 

29 

3.4 

1.06 

|v. -  ,i"H 

[’  RAM 

— 

—  -i''  .: 

—  . 

- 

_ 

MM 

v.  ■  II' 

SAM 

506  40 

s 

549 

43 

7.8 

1.08 

.  *i  -®o  •, 

PAM 

S36  26 

561 

•i  26 

>  4.6 

1.05 

i 

Mr,.  ' 

,  RAM 

SOI  20 

521 

,  20  . 

3.8  . 

not 

SAM 

506  19 

525 

19 

3.6 

1.03 

, 

PAM 

SI9  26 

545 

26 

4.7 

1.05 

*r  .  •, 

RAM 

SOI  22 

523 

22  .  . 

4.2 

1.04 

not 

SAM 

530  IS 

545 

15 

2,7 

1.03 

»  -41 

PAM 

500  30 

7  1 

•538 

38 

7.0 

1.09 

RAM 

SIS  40 

1  . 

354 

41 

7.4 

1.08 

not 

SAM 

304  36 

1 

541 

37 

6.8 

\07 

*  -40 

PAM 

495  27 

•  "1 

522 

27 

5.1 

1.05 

RAM 

- - 

—  i 

—  - 

— 

— 

_  / 

Mt 

SAM 

520  IS 

1 

536 

16 

2.9 

1.03  1 

•  -SI' 

PAM 

540  22 

1 

563 

23 

4.1 

1.04 

RAM 

564  16 

580 

16 

2.7 

1.03 

not 

\ 

SAM 

SS2  II 

1 

564 

12 

2.1 

1.02 

•  'PAM:  Potato  aucroae  agar  medium 

RAM:  Rice  draw  decoction  agar  medium 
SAMv  Synthetic  agar  Medium 


Ml.  I 
«».l 

tll.f 

•'1,1 


ri.i  \ 


\ 


hii-i. 

(H.W) 


•  f- 

-VI  u  M  in 

fli'l  M't 

"• 


1 


% 

-12.6- 

-18.2 

-3.2 

-20.2 

-23.9 

-  4.9- 


-10,6- 

9.1 

10.7- 

11.3- 


% 

-10.0 

14.0 

10.3 

-  9.0 
-14.0 

-  5.1 


Black 

Black 

Black 

Brown 

Black 

Black 


(  i— — - 


- 12.4 - 11.6 

- 13,  0 - 11  ’ 

-  3.0  - 

-  1.8 

- 10.3 - -10.6- 

— : — 12.7 - 14.  S- 

- -10.1 - 9.7- 

-  5. 


.  .  ox — Brown 
5-8'-^.BIack 


16.0 

7.3 


Brown 

Black 


.  ow 

~  s-*\Black 


-10.3 

-12.2 

-10.2 


Brown 

Black 

Black 


.  38 

72 
39 

73 
X 
60 

39 

y 

40 

1  -r  41  * 
•;  v  i 

vZ 

57 

36 


1 


_ _ C  (vx^RightBiwn 

- 60Ss^Black 


-11.7— -  -21.1 


-20. 


< 


23.9 - 16.9 - 23.9 

4.0 - 4.6 

- 12.6 

-  9.8 - II.  1 

23456  7  8  9 

Subculture  on  potato  tucrotc  agar  medium 


Yellow 

Black 

Brown 

Yellow 

Black 

Blackith 

brown 


37 

70  ‘ 

58 

86  ' 
17  : 

4-1 

Strain’ 


Color  of 
colony 

>«•  I-  Occurence  of  variant!  having  different  number  of  nuclei  in  mycelial  .  . 

,  ,  ;  ‘  ‘  celli  of  Saka-2. 

'  '  -1  Numeralr  ehow  percentage!  of  mycelial  edit  containing  more  than  two  nuclei. 
"•  .  i  *•—»  :  Difference  if  not  aignlficant  ' 

mv  I  Difference  h  dgnifkant'  •  I 


In  order  to  Investigate  environmental  effect  on  the  number  of 
nuclei  In  mycelial  cells,  the  number  of  nuclei  cultured  In 
different  composition  of  media  such  as  potato  gel,  agaragar 
and  synthetic  gel  were  examined.  The  results  are  shown  In  table 
12.  No  significant  difference  between  them  was  observed.  Thus, 
the  number  of  nuclei  per  cell  Is  not  affected  by  environments)! 
changes  and  considered  to  be  fixed. 

D.  Discussion 

A  sudden  variation  In  culture  properties  occurs  In 
bacilli  and  Its  frequency  of  occurrence  depends  on  Its  kind 
and  blototype  (Stakman  and  Harrar  1957).  The  appearanoe  of 
different  shapes  of  seotors  In  colony  Is  due  to  either  nuclear 
Isolation  In  heterokaryon  or  sudden  variation  In  homokaryon 


2.6 


(Buxton  19*1).  The  variations  in  piriculario  soecies  appear 
occasionally  on  culture  media  and  as  is  clear  from  the  above 
experiment,  the  anoearance  of  sectors  and  its  freauancv  are 
considerably  different  dependi"-  on  the  svstems.  It  is  noticed 
that  there  was  no  relation  between  the  number  of  nuclei  in  a 
cell  and  the  frequency  of  sector  snnearance.  In  most  svstems, 
multlnuclear  cells  are  verv  low  and  the  sector  appearances  are 
almost  not  noticed.  In  svstera  where  the  sector  appearances  are 
manv,  there  are  species  with  relatively  hivh  ratio  of  multl¬ 
nuclear  cells  such  as  Saka-1  and  Saka-2  and  species  with 
relatively  small  ratio  of  multlnuclear  cells  such  as  Saka-5 
and  5*. 


Since  the  nuclei  in  conldial  cells  are  genetically  the 
same,  the  single  spore  isolates  can  be  considered  as  pure. 
Therefore,  the  frequent  sector  appearances  were  considered  to 
be  due  to  the  following. 1)  A  sudden  variation  appears  in 
growth  process.  2)  Heterokarvon  is  isolated  due  to  anastomosis 
between  the  variants  which  appeared  in  the  same  culture  system. 

3)  It  may  be  due  to  oarasexual  recombination  of  already  exis¬ 
ting  or  newly  created  hetero  double  nuclei,  We  can  not  conclude 
on  the  causes  of  sector  appearance  from  these  experimental 
results  but  an  inferrence  can  be  made  that  the  possibility  of 
1)  and  2)  is  large  for  Saka-2  which  has  the  high  frequency  multi- 
nuclei  cell  appearance  and  the  possibility  of  i)  and  3)  is  large 
for  Saka-5  and  5*  which  have  low  frequehcy  of  multinuclei  cell 
appearance.  Further  Investigations  are  necessary  on  this  subjeot 
for  satisfactory  answer. 

When  the  sector  is  isolated  and  cultured  consecutively, 
the  svstems  different  from  multinuclei  cells  are  Isolated. 

In  Saka-2  with  high  freauencv  of  multinuclei  cells,  svstems 
from  maximum  23«9  %  raultinuclel  cells  of  3aka-2-X  to  minimum 
1.3  %  of  Saka-2-^*  are  Isolated  bv  seven  consecutive  culture. 

In  Saka-5  with  low  frequency  of  raultinuclel  cells  appearance, 
the  variation  is  seen  from  1.3  %  to  li.9  *.  In  5* »  the  varia¬ 
tion  is  only  1.8  %  to  11.9  %•  1^5^.  the  variation  is  only 
1.7  %  to  3*7  %•  These  differences  between  the  systems  ohange 
sometimes  but  9  consecutive  cultures  seem  to  stabilize  them. 

Thus,  the  cell  with  different  average  number  of  nuclei  can  be 
obtained  by  isolating  the  variants,  but  the  reasons  for  these 
have  to  be  clarified  by  future  Investigation.  As  shown  in 
table  12,  the  change  in  the  number  of  nuclei  due  to  environ¬ 
ment  is  verv  difficult.  Therefore,  the  multinuclei  cells 
(average  number  of  nuclei  per  cell)  are  considered  to  be  gene¬ 
tically  stable  against  environmental  changes. 

V.  Anastomosis  and  Parasexual  Recombination 


A.  Introduction 

Since  sexual  generation  is  not  ,ret  discovered  in 
incomplete  bacilli,  the  causes  for  variations  are  considered 
to  be  due  to  1)  sudden  variation  and  2)  recombination  of 
nuclei  with  different  genetic  tvne  bv  heteroknrvos.  In  1952* 
Ponteconvo  and  Roper  indicated  the  existence  of  nnrasexual 
cvcle  In  Aspergillus  nidul-rs  and  the  variation  due  to  somatic 
recombination  of  c-enetlc  elements  in  addition  to  the  possibility 
of  genetic  analvsis.  The  research  in  these  areas  has  remarkably 
progressed  ever  since.  Tod’'’,  the  existence  of  parasexual  cycles 
Is  established  for  the  following.  Aspergillus  niv<.*er  (1  ontecorvo 
et  al,  1953)*  Penicllllum  chrvsocenura  (Pontecorvo  and  Sermontl, 
195*0,  Fusarlum  f.  plsl  (3uxton  1954),  Asnergillus  orvxae  and 
Aspergillus  so.yae  Oshltanl  et  al,  195/0.  Gerhalospcrlum  myco- 
phllum  (Tuveson  and  Cov  19^1),  Cochliobolus  sativus  (Ttnllne 
19^2),  Vertlcllllum  albo-atrum  {Hastie,  19^2),  Fusarlum  oxys- 
porum  f.  Cubense  (Buxton,  19^2)  and  Penicllllum  expansum 
(Barron,  19^2) 

It  is  very  Important  to  determine  the  existance  of 
parasexual  cvcle  in  bacilli  and  establish  the  causes  of  vari¬ 
ations  in  somatic  recombination.  The  following-  are  the  pre¬ 
liminary  results  of  our  experiments  and  reported  here  since 
we  thought  that  somatic  recombination  can  be  obtained  in  rice 
blast  fungi. 

B.  Materials  and  methods 

Observation  of  nuclear  activity  In  anastmosls; 

Emnloylng  svstem  58-4  susceptible  to  anastomosis, 
the  culture  is  carried  out  on  slide  glass  in  straw  gel  liquid 
media  for  30  hours  at  28°C.  Phenomenon  of  anastmosls  is 
observed  with  microscope  and  the  dvelng  of  nuclei  is  conducted 
bv  HCl-Giemsa  method. 

Method  of  inducing  anastmosls; 


Variants  such  as  P-2b-XK42-XI* ,  P-2b-XN98*, 
P-2b-XN10^br*,  Ken  53-33~Ou9  and  S225  obtained  from  three 
different  system  l,e,  P-2b,  Ken  53-33  and  S2?5  bv  X-rav,  ultra¬ 
violet  light  treatment  and  CuSG4  potato  gel  culture  were 
employed.  The  nutritional  requirements  and  morphological  pro¬ 
perties  are  shown  in  table  13. 

(*  Obtained  bv  Yamazakl  and  Murada  (19^3)). 
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T»b!e  13.  Strains  u«d  for  the  experiment!  of  Bna!tomo!ii  ami  parawxual 
recombination 


r,  cn  Character  of  colony 

Nutrient  requirement  Gene-  on  potato  sucrow 


Strain 

.  .  Cyitine 
or  meth- 
nine  ionine 

Ino- 

litol 

Phtnyl-  t?c 
alanine  H,S 

resis¬ 

tance 

u^ui  ^imuiuii 

Color  *Cr'a' 
hyphae 

Gro¬ 

wth 

Rem  ark  i 

P-2b 

+ 

+ 

+ 

+ 

+ 

-  ■ 

black 

■H- 

normal 

Krn  53  33 

+ 

+ 

+ 

+ 

-t-  - 

+ 

black 

4f 

normal 

Isolated 

S225 

+ 

+ 

- 

+ 

+  - 

+ 

black 

•ft 

normal 

from  wild 
strain 

P-2b-XN 

-f 

+ 

_ 

+  - 

_ 

black 

normal 

X-ray 

42X1 

treatment 

P-2b-XN  98 

- 

+ 

+ 

- 

+  - 

— 

black 

:fc 

normal 

0 

P-2b-XN 

106  br 

Ktn  53-33- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1  + 

1  + 

+ 

brown  -ft 

black  it 

dwarf 

normal 

0 

CuSO* 

treatment 

Cu  9 
S  225- 107 

+ 

- 

- 

+  + 

- 

pale 

black 

4+ 

normal 

# 

+  :  No  requirement  of  nutrient,  generation  of  IIjS  and  rebalance  to  CuSO,. 

— :  Requirement  of  nutrient,  no  generation  of  HjS  and  no  resistance  to  CuS04. 


The  follovrlng  three  methods  v:ere  employed  In  inducing  an.-slmo- 
ils.  1)  Conldlum  and  mycelium  from  potato  vel  culture  were 
ilaced  In  sterilized  water  and  the  solutions  were  rrenared  bv 
mixing  various  amounts  of  two  svster.s.  These  were  centrifuged 
;o  make  a  mass  of  conldlum  and  mvcellum.  The  >e  were  cultured 
In  a  small  amount  of  agar  medium  fro  ?-3  weeks  at  2r,0C. 

Then,  the  active  part  appears  as  sector.  This  nart  Is  again 
transplanted  to  arar  culture  medium.  2)  The  systems  for  exper¬ 
imental  use  were  separately  cultured  fro  three  weeks  at  28°C 
on  potato  llauld  culture  medium  In  which  few  pieces  of  cotten 
cut  In  about  5  cm  length  were  Placed.  The  bacilli  adhered  cotten 
was  transferred  to  a  small  amount  of  a-ar  culture  medium  and 
two  systems  were  cultured  side  bv  side.  Then,  the  active  growth 
nart  appears  from  the  mixed  colony  on  agar  culture  medium. 

This  Is  acraln  transplanted  to  a  small  amount  of  agar  culture 
medium.  3)  A  mixture  of  two  svstems  was  cultured  on  potato 
llauld  medium.  After  two  weeks,  the  colonies  were  washed  four 
times  with  sterilized  distilled  water  and  cut  with  platinum 
wire.  The  piece  Is  Inoculated  on  a  small  agar  culture  medium. 
After  7  davs  of  culture,  If  the  colonies  appear,  these  are 
transplanted  to  small  culture  medium.  The  transplantation  of 
these  colonies  on  small  agar  culture  medium  was  repeated  2-3 
times  and  the  characteristics  of  growth  and  colony  were 
karvolorlcally  Investigated. 
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C.  Results 


1.  Nuclear  activities  in  anastmasls . 

The  number  of  nuclei  in  anastomosis  of  micella 
and  the  locations  were  observed  on  423  cells,  ana  the  results 
are  shown  in  table  14  and  figure  nlate  II.  A  nucleus  exists 
separately  in  anastomosis  of  both  mvcellal  cells,  (table  14A, 
figure  plate  II-A,  1)  and  this  is  most  abundant  (7?  %) .  Also 
the  following  are  observed.  One  nucleus  in  anastomosis  of 
nycella  is  about  to  migrate  into  the  other  cell  through  anasto¬ 
mosing  part;  (table  14  B,  figure  plate  II-A,  2).  No  nucleus 
exists  in  one  cell  and  two  nuclei  ore  included  in  the  other 
cell  (table  14  C,  figure  nlate  II-A,  3)«  The  nuclei  in  both 
cells  exist  very  close  together  at  anastomosing  location  of 
ravcella,  or  two  nuclei  are  nartlv  anastomosed,  (table  14  D, 
figure  plate  II-A,  4a,  figure  plate  II-B,  4b).  Only  one  nucleus 
is  observed  through  both  anastomosing  part  or  anastomsls  of 
mvcelia  (table  14  E,  figure  plate  II-B,  5a*  5"b*  5c).  And 
table  14,  F,  G  are  observed. 

Table  14.  Behaviour  of  nuclei  in  ana- 
■  ttomosi*  of  myeelia  of  ttrain  SB-4 

_  No.  of  cell* 

Type  observed  ** 


Total  423  100. 0 


Observation  wai  made  by  itaining  nuclei 
with  HCI-Ciemia  method  after  30  houn 
culture  in  the  rice  itraw  decoction  liquid 
medium. 

•  /-.  The  point  at  which  anattomosit 
occured. 


30  - 


From  the  above  observation,  it  is  certain  that  a  nucleus  of 
one  cell  is  mlcrated  into  the  other  cell  through  anastomosing 
cart  of  mvcelia.  The  migrated  nucleus  can  nossibly  be  anastomosed 
with  the  nucleus  in  the  other  cell  and  forms  a  nucleus  of 
twice  the  size.  However,  this  should  be  confirmed  bv  measure¬ 
ment  of  L''A,  determination  of  the  number  of  chromosome  and 
other  method.  At  any  rate  the  bacilli  from  anastomsls  of  myce- 
11a  are  considered  to  be  either  heterocarvou  which  is  used 
together  with  nucleus  of  biochemical  variants,  or  heterozygous 
dlnloid  from  anastomosis  of  both  nuclei.  Si-ce  harvolo«rlcal 
observations  indicate  that  one  cell  contains  one  nucleus  mostly, 
the  cossibilltv  of  latter  is  high.  In  this  naper,  we  combine 
both  and  designate  as  heterodinloid . 

2.  Properties  of  heterodinloid 

Before  the  mixtures  of  biochemical  sudden  variants 
are  cultured,  the  biprh  concentrations  of  co-id  lum  and  mvcelia 
were  inoculated  on  small  amar  culture  medium  in  order  to 
investigate  whether  the,r  rrrow  bv  reversion  of  sudden  variation, 
When  occurrence  of  cross  feeding  is  examined  bv  culture  of  two 
sudden  variants  on  ascar  culture  medium  the  variants  eiriDloved 
in  these  experiments  did  not  grow  on  culture  media  and  n<t> 
cross  feeding  nor  the  rev  rse  sudden  variation  occurred. 

Employing  six  biochemical  variants,  attempt  was  made 
to  form  diploid  by  various  combination  between  them.  The 
combinations  showing  active  growth  similar  to  v/ild  bacilli  are 
shown  in  Table  15.  these  maintained  their  characteristics  in 
culture  bv  transolantation  of  mycelial  mass.  Among  these  culture 
mixtures,  for  the  case  of  one  system  producing  K?S  gas  (II, III, 
IV),  or  even  for  both  systems  producing  H2S  gas  (V),  no  H2S 
gas  production  is  observed. 


Table  IS.  Character  of  new))'  formed  heltrodiploid 


\ 

Hetero- 

diploid 

Nutrient  requirement 

Combination  Cyitine  Ino-  Phenyl- 

Ade-  or  Me-  Lysine 

nine  thionine  litol  alanine 

Gene¬ 
ration 
of  H,S 

CuSO, 

mi»- 

tance 

Character  of  colony  n 
potato  tucroie  agar 
medium  _ 

Color  hyphae  Cro^ 

Het  I 

P-2b-XN  98+ 
S  225 

+ 

+ 

+ 

+  ' 

+ 

- 

+ 

black 

4+ 

normal 

Het  II 

P-2b-XN  98+ 
S  225- 107 

+ 

+ 

'  + 

+ 

+ 

- 

- 

black 

\ 

•  44 

normal 

Het  III 

P-2b-XN  98+ 
Ken53-33Cu9 

+ 

+ 

+ 

+ 

+ 

- 

+ 

black 

•44 

normal 

Het  IV 

S225-107  +  P- 
2b-XN  42X1 

+ 

+ 

+ 

+ 

+ 

- 

black  ( 

'  44 

normal 

Het  V 

S  225-107  + 
KenS3-33-Cu9 

+ 

+ 

+ 

+ 

+ 

- 

+ 

black 

+ 

normal 

Het  VI 

P-2b-XN  98+ 
P-2b-XNI06br 

+ 

+ 

+ 

+ 

+ 

- 

- 

black 

+ 

normal 

\Symboli  arc  the  tame  with  Table  IS. 
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When  the  resistant  bacilli  are  employed  for  the  combination 
of  culture  (I,IV,V),  They  showed  TuSC;,.  rasirv-rc*.  >.hen  colony 
on  potato  a  -ar  medium  Is  brown  (VI),  heteror.  1-  i  old  was  Hack 

and  normal. 

3.  Recombination  obtained  bv  si^vla  n^ore  isolation 

of  heterod lnloid . 

Conldlum  formed  on  hete1'odlo'i.oid  c-.  'rail  culture 
medium  was  Inoculated  on  potato  a?ar  medium  and  nutrient  re- 
oulrement  and  the  properties  of  colon1'  were  e:--. mined  bv  taking 
the  colonv  formed  from  single  score.  The  results  are  shown  in 
table  1*. 

Ket-I  is  hecerodinlold  fori-  od  by  P-2b-W'93  (Adenine 
reoulred,  no.  H?S  veneration  and  sensitive  to  CuSOu)  and 
322 5  (insltol  required,  K2S  is  venerated.  Cull.,  resistant), 
does  not  possess  nutrient  reoulrement,  is  CuJ  A  resistant  and 
does  not  generate  hvS.  1*0  slnvle  sncre  lsolires  were  investi¬ 
gated  and  found  the  following.  31  systems  wore  investigated 
and  found  the  followlnv.  31  s  vs  terra  had  the  same  t  roperties  as 
S225  except  the  lighter  color  of  colonv.  15  svstems  had  the 
same  properties  as  Het-I.  One  svstera  had  crev  color  of  colonv 
and  one  svstem  had  vrev  color  of  colonv  but  the  adenine  reau la¬ 
ment  and  CuSC4  sensitivity  are  the  same  as  r-2b-/T9p.  Two  systems 
had  inositol  reoulrement,  CuSC^  sensitivity  >ra  brown  colonv 
color.  It  is  particularly  significant  that  110  systems  (*9^) 
with  cvstlne  or  methionine  reoulrement  and  brown  colonv  color 
entirely  different  from  parental  svstem  appeared. 

Het-II  is  heterodlrlold  forced  by  both  svstem  of  P-2b- 
XN93  and  S225-10?  (Cvstlne  or  methionine  and  inositol  reoulre¬ 
ment,  Hj>S  generation  and  CuSC 4  resistant),  which  does  not  show 
nutrient  reoulrement,  venerates  KnS  vas  and  is  suceptible  to 
CUSO4.  When  120  slnvle  snore  isolates  were  investivated,  the 
followlnv  systems  were  obtained.  Two  systems  had  the  seme 
properties  as  Het-II.  Systems  having  cvstlne  or  methionine 
reoulrement,  H2S  veneration  and  CuSOu  sucentibilitv  are  1*  for 
black  colonv  color,  72  for  brown  colonv  color  and  3  for  white 
colonv  color  respectively.  22  svstems  had  adenine,  cvstlne  or 
methionine,  inositol  and  other  materials  renuirements,  no  H^S 
generation  and  CuSOU  suceptibllitv. 

Ket-III  is  heterodiploid  formed  bv  both  svstems  of 
*2b-XN'93  and  Ken  53-33-Cu9  (Cvstlne  or  methionine  required, 

H2S  generated,  CuS04  resistant),  which  does  not  show  nutrient 
requirements,  is  resistant  to  CuSC.4  and  does  not  venerated  K2S. 
Among  119  slnvle  spore  isolates,  35  svstems  had  exactly  the 
same  propeptles  as  Ken  53~33~Cu9  and  9  svstems  had  the  same 
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properties  as  K*=>n  •'''3-33-Cud  except  less  Up' ;  -•••.•‘ration.  Cther 
~  vs  tens  show  recombination  between  both  nr.  r  n  fil  a  vs  tens  con¬ 
cerning  nutrient  requirements,  K.?3  veneration  .  n.;  Cu 3Ct-r  resis¬ 
tance  and  the  color  of  colonies  was  entlrel*'  d  If ferent. 

It  is  slvnlf leant  that  system  having  adenine  reou irement  did 
not  aprear. 

Het-TV  is  heterod  inlold  formed  b’r  ho*  h  svsters  of 
1  _op_X'  h?-XI  (aden  lr.e  and  lysine  rmuired,  r.o  UpS  'vr era  tion  , 
svceptibel  to  CuSCU)  and  S22<>-a07,  ch  do--s  not  i  .  ve  nutrient 
requirement,  does  not  venerate  Hp.-i  a  -d  is  race of  *.  '.le  to  Gu'iC^. 
Among  1U.9  single  snore  isolates,  a*  svr,t<n  r.  ..--d  t. 
rrooerties  as  j/--2b-XT42-XI.  10  svstems  had  the  sum.  ‘ent 

reaulrement  and  K23  generatl'n  as  S??5-107  but  h'.d 
color  of  colonv  and  growth  from  both  parantuX  svstems. 
other  svstems  showed  the  recombination  tvpe  on  th°  nuti  en; 
requirements . 

In  summarlz lng  above  results,  heterod lol cid  shows  the 
following  properties.  1)  No  nutrient  reouirem.e«t{;.  2)  ’-o  h^S 
generation  3)  Appearance  of  resistance  when  both  narantal 
systems  are  different  in  CuSO^  resistant.  I"  the  case  of  single 
snore  isolation,  1)  some  svstems  show  the  rv.  e  properties  as 
parantal  svstems  (Het-III  and  IV)  but  most  s-stems  show  differ¬ 
ent  properties  from  narantal  systems.  2)  let-I,  II  and  III 
reaulre  cystine  or  methionine  and  many  svstems  showed  brown  color 
of  colonv.  It  is  significant  that  the  different  properties  from 
parantal  svstems  appeared  in  Het-I.  3)  Appearance  of  the  svstems 
having  the  same  properties  as  heterod iololc;  are  very  rare. 

These  phenomena  do  not  appear  due  to  isolation  of  nuclei  in 
heterocaryon. 

D.  Discussions 

When  two  Rinds  of  biochemical  sudden  variants  with 
different  nutlent  reoulrements  were  cultured,  the  appearance 
of  bacilli  on  small  culture  medium  is  considered  to  be  due  to 
one  of  the  following.  1)  Formation  of  heterocaryon.  2)  Simple 
mixed  bacilli.  3)  Cross  feeding  or  4)  Reverse  sudden  variation. 
Since  the  separate  experiment  showed  that  reverse  sudden  varia¬ 
tion  and  cross  feeding  do  not  occur  in  the  blast  fungi,  the 
appearance  of  bacilli  on  small  culture  medium  is  considered 
to  be  due  to  former  two.  As  is  clear  from  this  experiment,  the 
nucleus  in  one  cell  migrates  into  the  other  according  to  anasto¬ 
mosis  of  mvcella.  The  formation  of  heterocarvon  might  be  the 
main  cause  for  this  phenomenon.  However,  one  nucleus  in  one 
cell  is  a  rule  in  bacilli  and  the  migrated  nucleus  combine 
with  the  other  nucleus  in  the  cell  to  form  one  nucleus  accord¬ 
ing  to  this  experimental  observations.  Therefore,  it  is 


33  - 


3 

£ 


■  to  X 

j: 
* 


-S  P  c 


E  &■ 

< 


1  “ 
5  I:  O 


J-  'S  - 

i  i  0  6 

j  i 

--  ij  .  s 
S  '  8  i 

a  ii  a  .s 

i  sv°  2 


~  TJ  « 

E  E  | 
8  S  § 


—  o  in  cm 


«  n  r3  rt 


-  -  is ! 


E  E  E 


«  a  : 

G  E  : 


,  "S?  *rt 

1  E  E  I 

o  o  o 

I  c  c  c 

!  41  *  S 


!  >  i .  i 

44  *  i  *+■*++  +  ; 

!•  .  •  «  •  1  !  i 

1111  .llJilittl  Hill 


I  • 
i  i  M 
I!3 


•5 

J 


4  ill 

■a  ;  w 

Jj  'S  _  o.S 

I  I  ill 

-  '  i  x  »-a 
...  ?  5  «b 

cv-T-  !■§ 

i  ii 


—  c 

r  '-5  ' 


I  ’  + '“+  • 


i  "\ V  T 


+  +  + 


+  i  + 


i  +■+ 


i  i  i 


+  ++  +  +  + 


i  +  +.  i .  i  +  i 


+  +  +  + 


■  +  •+  +  '++■ 


i  i 


i  +  i 

i-i  .  ■ 


+  +  + 


+  'i  J+ 


+  i  + 


i  +  + 


SJ  £  N  s 


i  5  *  -■  n 

£  £  c  g  E 


;  ti  *  4:  +  41  . 

n  a  *  a  I  *  ■ 

J*  4  Jj  ?  «C  : 

-O  2  2  .O  * 


I  I  I  I  I 


e~  +  +  +  +  ; 
.1  +  +  +  1 1 

i  i 

I  I  +  I  I  j 
l  +  +  +  +| 


/ 1 


I  a  I 

k  n  S 


«.]: 


H 


:  -  !  Z  S 

;  1  ix 

!  £ 


H 


2  « 


U) 


to 

c 

& 


-  34  - 


_/ 


lit 

<1  «  4: 

>  M  M 

ill 

l  +  + 


a 

a 

X 

CO 

e 

v 

X 

a  *  s  -»  - 


«  «  «i  *«5  i5  "J3 

e9|ies 

8  §  8  8  a  8 
+  +  -H  -H  H 

■an  1  M  s  U 

Isls-sa 


.+  +11  1  +  i 


I  +  I  1  +  +  I  I  -H  -H  I 

*  1  '  : 

•  *  \  1 

\ 


4  +  + 


\ .  11. 

+  +  +  +  +  +  i 


"  •  .  i'j  ■  ‘  1 

4  +  +  •  j  ,.±  +,  +  +xj-  +.!, 


\  • 


+ 1  *-i&±:u't' u 


1  +  +1 1  4  +  +  +  f  + 1 

••  .  i 

>  '  ; 


1  1  1 


+  1 


* 

.3 


«x 


i 


n 


8.  x 

• 

0  Z 
:  T  X 

a 

(A  pl 

$  a 

•rt  *3  * 

i  i  i 

*«  r: 

§  E 

Q  C  C 

O  O 
e  c 

4:44: 

*  * 

M  M  j* 

M  J* 

j  .2  4 

i3  tfl  2 

«a  «? 

Z  Z 

* 

"O 


kJ*  M  -*  f 

J  u  w  \j  f 
Z  *  (1  rj  O 


1  I  I  I  I 


+  I  4*  +  4- 


4*  I  4*  r  4-  J  *4*  +  4* 
14-4-j  14-1  4-  l 


■ 

+  1  + 

X 

» 

4-  )  4-ji  4-  4- 

*  1  •  ■  * 

•i  ‘ 

1 

1 

! 

1 

! 

S3* 

•  .  ! 

1 

3 

5  2 1 

n  w  s 

Ill 

£ 

-'I  ;  ' 


I  x 


35 


conculded  that  the  svstems  rrowir.g  on  small  culture  medium 
contain  one  nucleus  of  heterodinlold  in  one  coll. 

Thus,  the  bacilli  are  self-nutr lent ,  *"or-al  K?S  vener¬ 
ation  In  anv  combination  and  shows  surer  1  o’"  Cusc^  resistant. 

In  single  conldlal  Isolates,  verv  fev:  had  the  same  properties 
as  mrantal  strain  or  heterod  loloid  concerning  the  shape  and 
color  of  colonv  and  most  of  them  were  considered  to  have  recom¬ 
bination  of  various  characteristics.  It  is  si~n if  leant  that 
strains  reoulring  cvstlne  or  methionine  tv  like  their  narnntal 
strain  as  in  the  case  of  Het-I  were  isolated.  In  other  cases, 
the  strains  whose  color  of  colonv  is  different  of  narantal 
strain  were  Isolated. 

Pantecorvo  and  Roper  (IQS?)  proved  the  existence  of 
recombination  cvcle  in  Asrcrgillus  nidulans  md  designated 
this  as  parasexual  cycle  (Pontecorvo  195M.  these  cvcles  have 
the  following  5  steps,  a)  Two  different  nuclei  in  heterocarvon 
fuse  Into  one.  b)  As  a  result,  heterodinlold  nucleus  is  formed 
and  multiolv.  c)  Dlnlold  bacilli  like  homocarvon  are  formed  as 
a  strain,  d)  Cell  transfer  Is  occurring  during  multiplication 
of  diploid  nuclei,  e)  Diploid  nuclei  generate  a  single  phase 
nutrient  cell. 

In  order  to  prove  the  existence^  of  parasexual  cvcle  In 
bacilli,  it  Is  necessary  to  establish  each  steps  described  above. 
As  mentioned  previously,  migration  and  fusion  of  nuclei  occur 
along  with  anastomosis  of  mvcella  and  11.4  contain  only  one 
nucleus  in  two  cells  between  which  anastomosis  occurred.  These 
strongly  support  the  step  a).  A  direct  proof  on  step  b)  and  c) 
was  not  obtained  but  the  appearances  of  manv  recombinations  In 
slngle-conldial  Isolates  strains  formed  by  self-nutrlent  and  two 
different  biochemical  variants  support  the  -phenomena  of  step 
d  )  and  e ) . 

Mechanism  on  appearances  of  nutrient  requirements  and 
colony  color  which  were  not  possessed  by  narantal  strains  Is 
not  clear  but  can  be  speculated  to  be  due  to  transfer  between 
structure  and  adjustment  hereditary  elements. 

At  any  rate,  the  above  facts  suggest  the  existence  of 
parasexual  cvcle  and  recombination  and  transfer  of  cells  may 
be  a  cause  for  appearance  of  variation. 

It  will  be  necessary  In  the  future  to  establish 
1)  existence  of  nucleus  and  dlnlold  nucleus  by  determining 
amount  of  nucleic  acid  and  number  of  chromosome  and  2)  existence 
of  strain  having  diploid  nuclei  like  homocarvon.  It  Is  also 
necessary  to  establish  these  rhennmena  by  3)  analyzing  the 
recombination  and  transfer  In  detail. 
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The  part  of  the  results  on  single  spore  isolates  strains 
above  do  not  disprove  the  possibility  of  nuclei  isolation  in 
simple  hetcrocaryon. 

VI  Sunnary 

I.  Haryological  studies  of  piricularia  orysae,  the  patho¬ 
gen  of  rice  blast,  and  other  Piricularia  species  infectious  to 
plants  other  than  rice  were  conducted  fro n  the  point  of  view  to 
clarify  make  clear  the  genetic  nechanisns  of  variability  in  these 
organisms . 

(l)  Results  of  investigations  carried  out  on  23  strains 
of  Piricularia  oryzae  are  as  follows: 

(a)  Among  nuclear  straining  procedures  tried,  those  with 
Giensa's  solution,  basic  fuchsin,  accto-orcein,  or  aceto-carnine 
proved  to  be  suitable  for  the  purpose,  whereas  those  with  azure 
A  or  haenatojiylln  were  not  suitable. 

(b)  llajority  of  cells  in  conidia,  gem  tubes,  nycella, 
and  conldiophores  were  found  to  be  uninuclear.  Cells  containing 
two  or  nore  nuclei  were  rarely  observed. 

(c)  In  geminating  conidiun,  the  nucleus  ml grates  into 
gem  tubes  in  either  of  the  following  two  ways.  In  one,  the 
nucleus  of  conidial  cell  divides,  and  one  of  the  divided  halves 
nlgrates  into  the  gem  tube.  In  the  other,  the  nucleus  migrates 
into  the  gem  tube  without  division. 

(d)  In  the  process  of  conidiun  formation,  thu  nucleus  of 
the  apical  cell  of  conidlophore  divides  and  one  of  the  divided 
nuclei  migrates  into  the  newly  formed  unicellular  conidiun,  and 
the  nucleus  of  the  conidiun  divides  again  and  biccllular  conidlum 
is  produced  by  forming  septum  between  the  two  divided  nuclei. 

The  nucleus  of  either  cell  of  the  bicellular  conidiun  divides 
and  the  tricellular  conidiun  each  cell  of  which  contains  one 
nucleus  Is  finally  formed.  It  was  deduced  from  the  above  obser¬ 
vation  that  the  nuclei  contained  in  the  three  cells  of  a  conidlum 
are  uniform  in  their  genetic  constitution,  and  accordingly,  a 
strain  derived  from  a  single  spore  is  genetically  homogeneous. 

(e)  The  nuclear  division  observed  in  the  cell  of  conidlum 
during  its  gemination  is  typical  mitosis,  the  chromosome  number 
counted  at  metaphase  and  anaphase  being  5-6  or  about  3*  Detail 
of  the  nuclear  division  in  the  mycelium  is  still  obscure.  It  is 
not  considered  to  be  a  typical  mitosis. 
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(2)  Piricularia  species  isolated  fro::,  r.ctaria  italics. 

Pan i cun  Crus-galli ,  Panicun  niliaceun,  Digitnria  adscer.dens  and. 
Zingiber  Illoga  were  karyologically  investigated.  Uninuclear 
cells  predoninated  also  in  nycelia  of  these  organisms. 

II.  Conparison  was  made  of  frequencies  of  sectoring  of 
295  strains  derived  fron  single-spore  isolates  of  Piricularia 
oryzae ,  on  potato  sucrose  agar  nediun.  In  sone  of  the  strains, 
relationship  between  the  frequency  of  sectoring  and  the  nunber 
of  nuclei  in  a  cell,  and  the  shift  of  the  nuclear  nunber  with 
sectoring  were  investigated. 

(a)  Sectors  appeared  in  1?  per  cent  of  the  strains  tested, 
Sone  strains  which  produced  sectors  at  extraordinary  high  fre¬ 
quencies  were  found,  and  anong  then  Saha- 2,  Saha-5,  and  56  were 
examined  for  nuclear  nunber  in  nycelia!  cells.  Saha-5  and  56 
••ere  found  to  consist  almost  entirely  of  uninuclear  cell.  In 
Saha-2,  on  the  contrary,  considerable  proportion  (ca.  13.2^)  of 
the  cells  contained  2-4  nuclei.  The  variants  appeared  as  sectors 
wore  diverse  in  their  nuclear  numbers.  Some  included  more  than 

20  per  cent  of  the  multinuclear  (2-6  nuclei  per  cell) ,  the  per¬ 
centage  being  stable.  Some,  on  the  other  hand,  showed  the  fre¬ 
quency  of  multinuclear  cello  being  ea.  1.3  per  cent.  There  was 
a  tendency  in  Saha-2  and  Sal:a-5  to  produce  variants  in  which  the 
percentage  of  multinuclear  cells  was  relatively  high,  whereas 
all  the  variants  derived  from  56  were  predominantly  uninuclear. 

(b)  The  frequency  of  the  multinuclear  cells  in  any  strain 
was  hardly  affected  by  environmental  conditions  (composition  of 
the  culture  media) . 

(c)  Findings  described  above  strongly  suggest  that  the 
nunber  of  nuclei  in  a  cell  is  the  trait  to  be  determined  geneti¬ 
cally. 


III.  Nuclear  behavior  in  anastomosis  in  piricularia  oryzae 
was  investigated.  By  allowing  two  different  auxotrophic  strains 
narked  also  differently  with  H2S  generation  and  CuSO^  resistance 
anastomosis,  variants  were  obtained  which  can  grow  in  the  synthetic 
minimal  medium.  The  characteristics  of  these  variants  and  single- 
spore  Isolates  from  then  were  also  investigated. 

(a)  In  the  course  of  anastomosis,  the  nucleus  of  a  strain 
migrates  into  coll  of  another  strain  to  produce  a  heterodlcaryotlc 
cell.  In  a  nunber  of  the  dicaryotic  cells,  two  nuclei  were  ob¬ 
served  to  be  closely  located,  and  occasionally  there  were  cases 
in  which  the  two  nuclei  were  thought  to  have  eventually  fused  to 
become  diploid. 
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(b)  In  diploids  between,  two  different  auxotrophs,  which 
are  phenotyplcally  prototrophic,  CuDOg-reslstance  appeared  to 
be  a  dominant  character  while  l^S-gcncration  was  recessive  in 
any  strain  tested. 

(c)  Among  s ingle- coniuial  isolates  of  hetcrodiploids, 

many  showing  recombinant  characteristics  in  respect  of  auxo trophy , 
HpS-pcnerat ion ,  and  CuS02,.-roc  istar.ee  were  detected  besides  those 
or  entirely  parental  characteristics  and  of  the  characteristics 
of  heterodiploids. 

(d)  Dingle-spore  Isolates  from  heterodiploids  frequently 
showed  unexpected  characteristics  'which  'were  not  posessed  by 
any  of  parental  strains. 

(e)  The  above  observations  suggest  that  the  paras erual 
recombination  is  possible  in  this  organism. 
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I::planatio:i  of  Hates 

Plate  I--'. 

‘  Nucleus  in  cor.idial  cell. 

2  nucleus  in  conidir.l  cc. _ (four  celled  conidiur,  accto-camine 

eta in in- ) . 

3  nucleus  in  conidir.l  cc'l  viewed  under  _-ua.se  Contrast  Nicro- 
scope. 

4a  -  5b  N inrat ion  of  nucleus  to  -cm  tu.be;  4a  ant..  4b,  ni -ration 
of  nucleus  without  no  cl  car  division;  5a  and  5'o,  uipratlon 
of  one  nucleus  after  nuclear  division. 

6  and  7  Increase  of  the  nur.be r  of  nuclei  in  conidiur  by  nuclear 
division  after  gemination;  6,  apical-cell  2  nuclei,  central¬ 
cell  4  nuclei,  basal-cell  2  nuclei;  7,  central- cell  8  nuclei. 


Plate  1-1 

3  and  9  Nucleus  in  nycelial  cell. 

10  nuclei  in  conidiophorc  and  conidiur  at  one  cell  starve. 

11  -  12  b  Nucleus  in  conidicl  cell  at  one  cell  scape ;  12b,  viewed 

under  Phase  Contrast  Horoscope. 

13a  and  13b  Nuclei  in  conidial  cell  after  the  first  nuclear 
division  in  conidiur. 

14  Nucleus  in  conidicl  cell  at  two  cell  stage. 

Plate  I-C 

15  Nuclear  division,  in  apical-cell  of  conidiur  at  two  cell  stage. 

1 6  Nucleus  in  appressoriun. 

17  -  23  Nuclear" division  in  conidia;  17.  late  preohase  (aceto- 

orcein  staining) :  18,  late  pro phase  (view  unccr  Phase  Con¬ 
tract  Nicroscopc) ;  19,  retaphasc;  20  and  21,  anaphase ;  22 
and  23.  telophase. 

Plate  I-D 

24  and  25  Chronosoncs  in  ceiapliasc  of  conidirti  nuclear  division 
(aceto-orcein  staining) ;  About  6  ciu-orosorcs  are  observed. 

26  -  31  Nuclear  division  in  nycelial  cell;  Chrouatin  nasscs 
connected  in  irregular  rosary  fom  split  longitudinally 
(2?)  and  separate  into  two  groups  (28).  'these  two  croups 
rove  to  the  opposite  direction  alonp  the  length  of  nycelial 
cell. 

Plate  II- A 

1  One  nucleus  is  observed  in  each  of  the  cells  between  which 

anas tor.o sis  occurred. 

2  Nucleus  in  one  of  the  cells  between  which  anas toro sis  occurred 

Is  rovlnp  to  the  other. 

3  Two  nuclei  are  observed  in  one  of  the  cells  between  which 

anastonosls  occurred,  but  in  the  other  none. 


47 


4a  and  4b  Nuclei  of  both  colls  between  which  anastomosis  oc¬ 
curred  are  closely  located  to  each  other  or  fuse  at  the 
point  of  anastomosis. 

Plate  II  -  3 

5a  -  5c  Only  one  nucleus  is  observed  in  both  cells  between 
which  anastomosis  occurred. 


